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particular theories or series of stratification—these the Author had 
naturally enough drawn from France: in the translation these are 
preserved, but, in addition, others drawn from British Geology have 
been added, either from the writer's own knowledge, or from the works 
of well-known British writers. It has also been considered desirable, 
for similar reasons, to eularge upon the views of British geologists, to 
whom the French workssearcely does justice, considering the extent 
to which the science is indebted to them for its elucidation—I may 
almost say for its existence, 

One point more, and I have done. In the original work the chapter 
on Eruptive Rocks comes at the end of the work, but, as the work 
proceeded, I found so many unexplained allusions to that chapter that 
it seemed more logical, and more in accordance with chronological 
order, if T may use an expression not quite applicable, to place that 
chapter at the beginning. 

In most eases I have explained the technical terms on the first 
occasion of their being used, so as to render them intelligible to the 


general reader; but to haye done so whenever they occurred would 
haye made the work tedious. I have therefore made the Index an 
explanatory one, by giving definitions of most of the terms in their 
alphabetical order. 


In dedicating the English version of M. Figuier's work to a well- 
known geologist, I must not lead the reader to believe that Sir 
Roderick Murchison entertains views similar to those of the Author on 
soyeral portions of his great subject; but I presume that he fully 
admits the value of a yolume which, through its popular and attractive 
character, has roused the minds of many persons for the first time 
to a due consideration of the noble science of Geology. 


W. 8. 0. 
Kensington, May, 1865. 
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WORLD BEFORE THE DELUGE. 


Tt is here I would claim the reader's attention. I think, on the 
contrary, that many of the evils of society may be traced to this very 
cause. It is bocause we cherish this dangerous aliment, that the living 
generation includes so much that is false, so many weak and irresolute 
minds, given to credulity, inclined to mysticism—proselytes, in advance, 
to chimerical conceptions and to every extravagant system. 

Intelligence is scarcely awakened, when we do our best to destroy it 
by onr training. Our very first: step in this path of folly is to teach 
the impossible and nbsurd. We crush, so to speak, good sense in the 
eggshell, when we concentrate the ideas of the young on conceptions 
at once dreamy and opposed to fact and reason ; introducing them into 
# fantastic world, in which are jambled together gods, demigods, and 
pagan heroes, mingling with fairies, goblins, and sylphs ; spirits — 
good and bad—enchanters, magicians, devils, devilkins, and demons ; 
and all this while no doubts seem to be entertained of the danger 
likely to arise from this constant presence of ideas so subversive of 
common senso, At a period of life when intelligence is like soft wax, 
which takes and preserves the feeblest impressions—when, innocent as 
yet of all knowledge, the mind is eager to acquire it—when we may bend 
or break itat pleasure, And yet we are surprised that this intelligence, 
this wax so soft and ductile, should preserve, at a later period, indelible 
marks of the absurd course of instruction which has been adopted. 
Suppose that we were to find a people wise enough to seck, in a 
reasonable contemplation of nature, the means of amusing and inte- 
resting the young—a generation which had thus been trained from 
an early period to examine and study the creation, which should have 
formed its judgment from the naked truth, its reason from the infal- 
lible logic of nature, which had learned to comprehend and bless the 
Creator in his works ; would not such a generation assure to the state 
honest citizens of a right spirit, firm and»enlightened minds, imbued 
with devotion to God, affectionate to their relations, and love to their 
country ? 

Were I to live a hundred years I could never forget the frightful 
confusion in which my young head was left by my first lesson in 
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mythology. There was Deuealion, who created the human race by 
throwing stones over his shoulder, these stones giving birth to man ; 
Jupiter, who was made to open his head to give birth to Minerva, 
with all her accessories ; Venus, who was born one fine morning of 
the wild sea-foam ; there was old Saturn, who had the bad habit of 
devouring his own children, and whose paternal voracity was deceived 
one day by the substitution of a stone for the last-born. And that 
Olympus! where gods and goddesses mingled and were daily guilty 
of the vilest actions. How is a brain of tender years to resist the 
entire overthrow of the more simple impulses of good senso? And is 
it not deplorable to be compelled thus to enter into the paradise of 
Knowledge through the gates of Folly ? 

To the fantastic vagubonds of the pretended religious legends of 
Paganism, we haye now added those of the fairy tales. The child has 
‘searcely Jearned to rattle its coral when it is told of the good and the 
bad fairy; of the magician Rothomagns and the enchanter Merlin ; 
‘of the seven-leagued boots ; of men changed into mice; of mice 


‘These are the fine thoughts upon which we exercise 
gination, without reckoning the Chineso shadows, the 
balls—which, in the hands of Houdin and Anderson, 
the atmospheric clonds which surround the 

ruction. In the midst of this inundation of follies, 
g to preserve the reason with which Providence 


stories of mythology; by which the love of the 
B2 





4 “WORLD BEFORE THE DELUGE. 


marvellous—that is, of all things opposed by and contrary to reason 
is encouraged, In this manner the loye of the marvellous pervades 
Sey areas leaving it a prey to the worst 
superstitions. How, then, should we be astonished at the alternate 
appearance of fanatical ignorance and threatening socialism, or, worse 
still, with the appearance of those epidemics which, under the name 
of animal magnetism, table-turning, and spirit-rapping, come to lead 
us periodically back to the superstitions practices of the midille ages. 

The proposition that we would defend is thus less paradoxical than 
it appears at first. The tales and legends that we give as the teachers 
of infancy are dangerous, because they cultivate and excite that 
inclination for the marvellous which is already excessive in the human 
mind, whereas the first book placed in their hands ought rather to 
have a tendency to fortify—to strengthen its young reason, 

But, we may be asked, would you then mutilate the human mind 
by reducing it to the single faculty of reason—rejecting, ax out of its 
sphore, all that is imaginative—all the ideal? Would you suppress 
thns all poetry, and even all imaginative literature, for both have 
their foundation in the love of the marvellous; or, to speak even 
amore correctly, they are the marvellous itself? A generation educated 
in such principles would, no doubt, reason justly; its mind would be 
well furnished, but destitute of all ideality—of all imagination—of all 
sentiment; the masses so trained would be a mere collection of 
caleulating machines; whereas the man of cultivated mind should 
possess sentiment as well as reason. It is well that he should com- 
prehend the material phenomena by which he is surrounded, but he 
ought to learn also to love and to feel: if it is his duty to cultivate 
his mind, ought he not also to form his heart ? 

These are objections which naturally present themselves, and here ia 
our reply :=— 

The imaginative faculty, which permits of ideality and of the 
abstract,—which forms poets, inventors, and artists,—is inherent in 
the mind, and cannot be suppressed ; it can only perish with it. It is 
the integral part of intelligence, All which concurs to fortify, to 
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enrich intelligence, and enlarge the sphere of its activity, turns, or 
ought to turn, at somo time, to the profit of the imaginative faculty 
itself, which is only a part of the whole, It is for this, among other 
reasons, that it is necessary to supply our intelligence with exact and 
rigorous notions—to nourish incontestable truths—to keep aloof all 
sterile, and especially all injurions fiction; in short, to constitute the 
mind strongly and healthily, and then to exercise, in all its freedom, 
this fine fuculty of imagination, the mother of poetry and the arts, 
freed from all baleful fetters. Let us begin by laying a solid founda- 
‘tion in the mind from the days of infancy, and we shall never want 
either poets or artists. 

But these rigorous notions, these incontestable truths, with whieh it 
is desirable to furnish the minds of the young, are they difficult to 
find? Do they impose any great labour on the youthful mind ? 

It is necessary to take the youth by the hand, lead him into the 
fields, and tell bim to open his eyes. The birds of the woods, the 
flowers of the fields, the grass of the meadows, the nightingale which 
‘sings upon the Iast lilac-tree, the butterfly which traces in the air its 

rubies and emeralds, the insect, which silently weaves its tem- 

‘porary dwelling under a withered leaf, the rosy dawn, the fruitful rain, 

‘ m refreshing breeze which murmurs through the valley,—these 

are, ing objects of his simple labour, these his plan of 
- 

of insatiable curiosity which possesses the mind in the 

Tife—the eager desire for knowledge which awakens forth 

om and desires natural to all ages—is most vivid during youth. 

j n n want of knowledge, the mind is then eager to acquire 

: va himself with youthful ardour upon every novelty which 

pres Tt would evidently be attended with immense advan- 

i age to profit by this disposition, to infuse into the young mind correct 

ions of the true and the uscful; the study of nature responds 

| fi views. It involves no labour, but is itself, on the 

y attraction, appealing, as it does, to all uninfluenced 

ee of language or of nationalities. 
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Tn habituating themselves to the study—in seeking to comprehend 
‘the great and the small phenomena of creation ; in reading this admir~ 
able book of nature, open to all eyes, and which, when read, ornaments 
the mind with knowledge at once useful and practical; the youthful 
student teaches himself, while admiring in its wonders—in its infinitely 
great as in its infinitely littlh—the Divine work of the Author of 
all things, He prepares his mind to receive efficaciously the fruitful 
seeds of religion—of science—of philosophy. Last, and not least in 
our eyes, although a negative quality, it extracts the poison sown in 
his mind by the tales of fairies, by the legends of mythology, by all 
the dangerous apparatus of infantile marvels to which we have alluded. 

‘We have devoted ourselves to this task—difficult, without doubt, 
but assuredly fruitful in gentle gratifications—of spreading among 
the mass of the contemporary public a taste for scientific studies. 
What we have hitherto done for more matured intellects, we would now 
attempt for the rising generation, strongly penetrated with the 
advantages which the study of nature offers to the young. 


The study of geology, it has been alleged, is unsuited for the in- 
struction of youth, and in some countries it is even interdicted as anti- 
religious. These ideas were perhaps legitimate when the science 
itself was in its infaney—when doctrines now recognized as erroneous— 
which rendered the earth subject to continual revolutions and cataclysms 
prevailed; when, in order to explain the disuppearance of organic ” 
species, it was thought necessary to invoke a new revolution—to turn 
the world upside down—to produce a deluge at every epoch. We 
now know that our globe has, beyond all doubts, been the theatre of 
frequent catastrophes: immense rents haye been torn in its solid 
crust, and eruptions of diverse kinds have issued from its abyss, which 
have torn up and displaced the soil, burying continents, excavating 
deep valleys, and elevating lofty mountains. Butall these phenomena, 
in spite of their power and intensity, have not extended to the entire 
globe, destroying all living beings. Their action was necessarily local. 
Tf, then, the organized beings of one period differ from those which 
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follow, it is not because a revolution of the globe destroyed a whole 
generation in order to construct on its ruins a new one. ‘his idea is 
opposed to the facts: it is contradicted by the regularity of the Leds 
enclosing the different: species of fossils, and by the fact of the existence 
of many species through a long series of stratified rocks. Where, then, 
is the danger of admitting the fact into a work for Popular Reading? 
‘The different species haye died out quite naturally, and races haye 
died ont like individuals. The sovereign Master who created animals 
and plants has willed that the duration of the existence of species on 
the surface of the earth should be limited as is the life of individuals : 
it was not necessary, in order that they should disappear, that the 
elements should be overthrown, or call to His aid the united fires of 
earth and the heayens, It is according to a plan emanating from the 
All-powerful and from His wisdom, that the races which have lived a 
certain time upon the earth have made way for others, and frequently 
more perfect races, speaking in the sense which implies a more complex 
organization. Another important point: geology and biblical revelation 
‘are now pretty well agreed. We speak of the existence of the human 
race at the period of the Great Deluge of Western Asia, It was long 
alleged that man only appeared upon the earth after the grand geolo- 
gical conynlsion, which produced the inundation of the countries 
situated ab the foot of the long Cancasian chain. The recent dis- 
‘coveries of Boucher, Perthes, Lartet, and Lyell, have placed beyond a 
"doubt the existance of man at this epoch; proving that the earth was 
‘inhabited by the human race before this Deluge, and justifying in this 
‘the recital of the sacred historisn, 
ry is, then, far from opposing itself to the Christian religion, 
Re cies which formerly existed has given place to a 


rk of creation perfecting itself unceasingly in the hands of 
Author, who has said, “Before the world was, T was.” To 
is a sphoro still incandescent, which is modelled into form, 
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and becomes cool enough to permit of organic life. Its burning surface, 
at first rough and naked, is covered by degrees, and decorated with 
shrubs and trees. Continents and sess in due course take their 
definite limits, Rivers and rivulet flow tranquilly betwoon their 
banks, and the earth becomes clothed with its present aspect of mag- 
nificence and tranquillity. In the case of organized beings, the first 
animals which appeared were simple in their organization; but as 
the soil became better adapted for organic life, others succeded, until 
God made man—His latest work—to issue from His creative hand, 
ornamented with the supreme attribute of intelligence, by which he 
is authorized to rule all nature and subdue it to his laws. 

Thus nothing is better calculated to fix in the mind of youth the 
thought of the All-powerful than the study of the successive revolu- 
tions of our globe, and of the generations of beings which have pre- 
coded and prepared the way for man. ‘The work leaves us to adore 
the workman. 
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carry their own conclusions with them. A striking increase of tem- 
perature occurring in these subterranean places is one of the most 
remarkable of these. It is found that the temperature of the earth rises 
one degree for every sixty or seventy feet of descent from its surface, 
Again: if the mine be examined vertically, it is found to consist of a 
series of layers or beds, sometimes horizontal, but more frequently 
oblique, upright, or even corrugated and undulating—even folding 
back upon itself, Then, instances are numerous where horizontal 
and parallel beds have been penetrated, and traversed at right or 
oblique angles by veins of metals or minerals totally different in their 
nature and appearance from the surrounding rocks. All these undu- 
lations and changing inclinations of strata are indications that some 
powerful cause, some yiolent mechanical action, has intervened to 
produce them. Finally, if the interior of the beds be examined more 
minutely, if, armed with the miner’s pick and shovel, the surrounding 
earth is dug up, it is not impossible that the very first efforts at 
mining may be rewarded by the discovery of some fossil form no 
Jonger found in the living state. ‘The remains of plants, and 
animals belonging to the first ages of the world, are, in fact, very 
common ; entire mountains are formed of them, and, in some localities, 
the soil can scaréely be touched at a certain depth without yielding 
fragments of bones and shells, or the impression of fossilized animals 
and vegetables, the buried remains of extinct creations, 

These bones—these remains of animals or vegetables which the 
pick of the young geologist has torn from the soil—belong probably to 
some organic species which no longer exists anywhere: it eannot be 
compared to any animal or plant living in our times; but it is 
evident that these beings, whose remains are now so decply buried, 
have not always been so covered ; they lived on the surface of the 
earth as plants and animals do in our days, for their organization is 
essentially the same. The beds in which they now repose, then, must 
in other times have formed the surface; and the presence of these 
bones and fossils prove that the earth has suffered great mutations in 
distant times. : 
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Geology explains to us the transformations which the earth has 
passed through in order to arrive at its-present condition. We can 
determine, with its help, the epoch to which the various beds belong, 
as well as the order in which others have been superposed upon them ; 
Int of all sciences geology is the most recent. Tt was only at the 
commencement of our century that it was constituted in a positive 
manner, It is therefore, of all modern sciences, that which has been 
modified most profoundly and most rapidly: in short, resting as it 
does on observation, it has been modified and transformed according 
to every series of facts recorded. Its applications are numerous and 
varied, projecting upon many other sciences new and useful lights. 
We ask of it here only the teachings which serve to explain the origin 
of the globe. The evidence it furnishes of the progressive formation 
of the different beds and mineral veins of which it is composed, and 
the description and restoration of the several species of animals and 
‘vegetables which have become extinct, and which form, in the language 
of naturalists, the Flora and Fauna of the ancient world. 

Tn order to explain the origin of the earth, and the cause of its 
Various revolutions, modem geologists invoke three orders of facts, or 


I, The hypothesis of the incandescence-of the globe. 

TIL. The enccessive deposition of the sedimentary rocks. 
As a corollary of these, the hypothesis of the upheaval of the earth's 
follows—upheavings having produced most of the local revolu- 
i Superposing new materials upon the older rocks, introducing 
abnormal rocks, called Hruptive, upon preceding deposits in such » 
nner as to change their nature in divers ways, Whence is derived 
class of rocks called Melamorphie rocks, of which our know- 

s of very recent date. 


- t . Fossits. 


{ name of Fossi? is given to ull vestiges of organized bodies, 
imal or yegetable, buried naturally in the terrestrial strata, and 
= “e 

¢ 
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belonging to no species known to be living in our days. ‘These fossil 
bodies have neither the beauty nor the elegance of the greater part of 
living beings; mutilated, discoloured, and often deformed, they seem 
to hide themselves from the eyes of the observer who would interrogate 
them, and who secks to reconstruct, with their assistance, the Fauna 
and Flora of past ages. Fossil shells, in the more recent deposits, 
are found scarcely altered. In other cases only an impression of the 
external form is left; sometimes an entire cast of the shell, exterior 
wnd interior, In other cases the shell has left a perfect impression of 
its form in the imbedding mud, and has then been dissolved and 
washed away, leaving its mould. This mould, again, has sometimes 
been filled up by calcareous spar, silica, or pyrites, and an exact cast 
of the original shell obtained—a petrified shell, in short. Petrified 
wood is equally common. 

These remains of the primitive creation had long been examined 
and classed scientifically as freaks of nature, for so we find them 
described in the works of the ancient philosophers who wrote on 
Natural History, and in the few treatises on Natural History which 
the middle ages have bequeathed to us. Fossil bones, especially those 
of elephants, were known to the ancients, giving birth to all sorts of 
legends and fabulous histories: the tradition which attributed to 
Achilles, to Ajax, and the other heroes of the Trojan war, a height of 
twenty feet, was traceable no doubt to the discovery of the bones of 
elephants near their tombs. In the time of Pericles we are assured 
that in the tomb of Ajax a patella, or knee-bone, of that hero was 
found, which was as large as a dinner-plate. This was probably only 
the fossilized patella of an elephant. 

The great French artist, Bernard Palissy, had the glory of being 
the first modern author to recognize and proclaim the trae chareter 
of the fossilized fragments which are met with in such numbers in 
certain formations, particularly in those of Touraine, which had come 
more especially under his notice, In his work on ‘Waters and 
Fonntains,’ published in 1580, he maintains that the figured stones, 
as fossils were then called, were the remains of organized beings pre~ 
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served at the bottom of the sea, But the existence of marine shells 
upon the summits of mountains had already struck the mind of the 
ancient anthors, Witness Ovid, who in Book XV. of the ‘Metamor- 
phoses,’ tells us he had seen land formed at the expense of the sea, and 
marine shells lying dead far from the ocean; and more than that, an 
ancient anchor had been found on the very summit of a mountain. ~ 


jucuere 
‘Et vetus inventa est in montibus anchora summis. 

‘The Danish geologist Steno, who published his principal works in 
Italy stout the middle of the seventeenth century, had deeply studied 
the fossil chells discovered in that country. ‘The Italian painter Scilla 
produced a Latin treatise on the fossils of Calabria, in 1760, in which 
he established the organic character of fossil shells. 

Tn the eighteenth century, which gave birth to two very opposite 
theories as to the origin of our globe, the Plutonian, or igneous, and 

or aqueous origin, the Italian geologists gave a serious 
impulse to the study of fossils: the name of Vallisneri may be cited 

‘the anthor to whom science is indebted for the earliest account of 
he marino deposits of Italy, and of the most characteristic organic 
débris which they contained. Lazzaro Moro continued the studies of 
YVallisneri, which the monk Gemerelli reduced to a complete system, 

‘ideas of these two geologists as Vallisneri had wished, 

without fiction, without miracles; Marselli and 

studied in a very scientific manner the fossil shells of 

|in particular those of the Adriatic, recognizing the fact that 

d in thoir beds a regular and constant order of super- 


ce the celebrated Buffon gave, by his eloquent writings, 
to the notions of the Italian naturalists concerning 
remains. In his admirable ‘ Epoqnes de la Nature’ 

ish that the shells found in great quantities buried 


‘Principles of Geology ' and a recent edilion of the ‘Elements,’ 
r,for further information relative to fossils during the two last 
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in the soil, and even on the summit of mountains, belonged, in reality, 
to species not living in our days, But this idea was yet too new not 
to find objectors; it counted among its adversaries the hardy philo- 
sopher who might have been expected to adopt it with most ardour. 
Voltaire attacked, with his jesting and biting criticism, the doctrines of 
the illustrious innovator. Buffon insisted, reasonably enongh, on the 
existence of shells on the summit of the Alps, as a proof that the sea 
had at one time occupied that position. But Voltaire asserted that 
the shells found on the Alps and Apennines had been thrown there by 
pilgrims returning from Rome, Buffon might have replicd to his 
opponent by pointing out whole mountains formed by the accumulation 
of shells. He might have sent him to the Pyrenees, where shells of 
marine origin form immense mountains rising six thousand six hundred 
feet above the present sea level. But his genins was averse to con- 
troversy ; and the philosopher of Ferney himself put an end to a dis~ 
cussion in which perhaps he would not have had the best of the 
argument. “I have no wish,” he wrote, ‘to embroil myself with 
Monsieur Buffon for a few shells,” 

Tt was reserved for the genius of George Cuvier to draw from the 
study of fossils the most wonderful results : it is the study of these 
remains, in short,which constitutes in these days positive geology, aided 
by mineralogy, a science which is sometimes made too abstract. Tt is 
to fossils,” says the grent Cuvier, “that we owe the discovery of the 
true theory of the earth; without them we should not have dreamed, 
perhaps, that the globe was formed at successive epochs, and by a 
successive series of operations, They alone, in short, tell us with 
certainty that the globe has not always had the same envelope; we 
cannot resist the conviction that they must have lived on the surface of 
the earth before being buried in its depths. It is only by analogy that 
we extend to the primitive soil the direct conclusions which fossils 
furnish us with in respect to the secondary formations ; but if we bad 
only unfossiliferous rocks to examine, no one could maintain that the 
earth was not formed all at once.” 

‘The method adopted by Cuvier for the reconstruction and restora- 
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tion of the fossils found in the tertiary rocks of Montmartre, at the 
gates of Paris, have served as a model for all other naturalists; let us 
listen, then, to his exposition of the vast problem whose solution he 
proposed. “In my work on the fossil bones,” he says, ‘I prapose to 
ascertain to what animals the osseous débris belong ; it is seeking to 
traverse a road on which we have as yet only ventured a few steps. 
As an antiquary of a new kind, it seemed to me necessary to learn at 
‘once to restore these monuments of past revolutions, and to decipher 
the direction we were to pursue. I bad to gother and bring 
together in their primitive order the fragments of which they are 
composed ; to reconstruct the antique beings to which the fragments 
Belong; to reproduce them in their proportions and with their charme- 
teristiea; to compare them, finally, with others now living on the surfnce 
of the globe ; an art at present little known, which supposes a science 
searcely touched upon as yet, namely, that of the laws which preside 
over the coexistence of the several parts in organized beings. I must, 
‘then, prepare myself for these researches by others upon existing 
« animals even more laborious. A review, almost universal, of the 
actual creation could alone give a character of demonstration to my 
secount of these ancient inhabitants of the world ; but it onght, at 
‘the same time, fo give me a great collection of laws, and of relations 
not less demonstrable, thus forming a body of new laws to which the 
whole animal kingdom could not fail to find itself subject, 

When the sight of a few bones inspired me, more than twenty years 
‘ago, with the idea of applying the general laws of comparative anatomy 
to reconstituting and naming fossil species ; when I began to perceive 
“that these species were not quite perfectly represented by those of our 

resembled them most; [had not the slightest doubt that I 

daily upon soil filled with spoils more extraordinary than any 

‘Thad yot seen, or that T was destined to bring to Light other exeatanex 

altogether unknown to the world, which bad been buried, during ineal- 
“eulable ages, at great depths in the earth. 

“J hed not yet given any attention to the published notieos of these 
bones, by naturalists who had no pretensions to the recognition of 
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species. To M. Vaurin, however, I owe the first intimation of the 
existence of these bones, with which the gypsum swarms. Some portions 
which he brought me one day struck me with astonishment; I learned, 
with all the interest that the discovery could inspire me, that this 
‘industrious and zealous collector had already furnished some of them 
to proprietors of cabinets, Received by these amateurs with much 
politeness, I found in their collections much to confirm my hopes and 
excite my curiosity. From that time I searched in all the quarries 
with great care for other bones, offering rewards to the workmen, 
such us might awaken their attention. I soon gathered a considerable 
number, and after a few years I had nothing to desire in the shape of 
materials. But it was otherwise with their arrangement, and with the 
reconstruction of the skeleton, which could alone lead to any just idea 
of the species. 

“From the first moment of discovery I perceived that, in these 
remains, the species were numerous, Soon afterwards I saw that 
they belonged to many genera, and that the species of the different 
genera were nearly of the same size, but this was likely rather to 
hinder than aid me, Mine was the case of a man to whom had been 
given at random the mutilated and imperfect remains of some hundreds 
of skeletons belonging to twenty sorts of animals; it was necessary 
that each bone should find itself alongside that to which it had been 
connected : it was ulmost like a small resurrection, and I had not at 
my disposal the all-powerful trumpet ; but I had the immutable laws 
preseribed to living beings to supply its place; and at the voice of the 
‘anatomist each bone and cach part of a bone took its place, I haye not 
expressions in which to paint the pleasure I experienced in seeing, that, 
as soon as I discovered the character of a bone, all the consequences, 
more or less foreseen, of the character developed itself successively = 
the feet were found conformable to what the teeth announced; the 
teeth to that announced by the feet ; the bones of the ankles, of the 
thighs, all those which ought to reunite these two extreme parts were 
found to agree as I expected ; in a word, each species was reproduced, 
80 to speak, from its elements.” 
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‘While the Baron Cuvier was thus zealously prosecuting his inquiries 
in Franee, assisted by many eminent collaborateurs, what was the state 
of geological science in the British islands, where the mineralogical 
treasures exceed in quantity and yalue those of all Europe besides? 
Aboutthe same time, Dr. William Smith, better known as “ the father of 
English geology,” was preparing, unaided, the first geological map of 
the country. Dr. Smith was a native of Oxfordshire, and a mining 
engineer in Somersetshire ; his pursuits, therefore, brought him in the 
midst of these hieroglyphics of nature. It was his practice when 
travelling professionally during many years to consult masons, miners, 
waggoners, andagriculturists. He consulted the soil ; and'in the course 
of his inquiries he came to the conclusion that the earth was not all 
of the same age; that there was an age of rocks and an age of fossils ; 
and that the rocks were arranged in layers, or strata, su] on 
each other. In 1794 he formed the plan of his geological map, showing 
this superposition of the various beds: for a quarter of a century did 
he pursue his self-allotted task, which was completed. and in 1801 was 
published, the first attempt to construct a stratagraphical map. 

‘Taking the men in the order of the objects of their investigation, rather 
than in chronological order, brings before us the patient and sagacious 
‘investigator to whom we are indebted for our knowledge of the Silurian 
system. For many years a vast assemblage of broken and contorted 
‘beds had been observed on the borders of North Wales, and stretching 
away to the east, as far as Worcestershire, and south into Gloucester, now 
‘rising into mountains, now sinking into valleys. The ablest geologist 
considered them as a mere labyrinth of ruins, whose line of induction 
was entirely lost, “But a man came,” as M, Esquiros eloquently 
writes, “who threw light upon this sublime confusion of elements.” 
Sir Roderick Impey Murchison, then a young and zealous student, 
Iuwving occasion to consult the late Professor Sedgwick as to his line of 
‘stndy, a8 he himself informs us, had his attention directed to these 
Yroken beds. After years of unremitting labour, he was rewarded by 
‘sucess. He established that these masses of sedimentary rocks, torn 
and penotrated here and there by eruptive veins of igneous origin, 

° 
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formed an unique system, to which he gave the name of Silurian, 
because the rocks which he considered the most typical of the whole 
were most fully developed in the country of the ancient Silurian tribes 
who s0 bravely opposed the Roman invaders of their country. Many 
investigators haye followed in Sir Roderick’s steps, but few men have 
sore nobly earned the honours and fame which surround him. 

While Murchison, Sedgwick, Lyell, and De la Beche, and a host of 
others were prosecuting their inquiries into the Silurian rocks, Hugh 
Miller and many others had their attention occupied with the Old Red 
Sandstone, or Devonian, which immediately overlie them. After a 
youth passed in wandering among the woods and rocks of his native 
Cromarty, the day came when Miller found himself twenty years of 
age, and, for the first time, a workman in a quarry. A hard fate he 
thought it at the time, but to him it was the road to fame and snecess 
in life. The quarry in which he laboured was at the bottom of a bay 
formed by the mouth of a river opening to the south, a clear current 
of water on one side, as ho vividly described it, and a thick wood on 
the other. In this silent spot in the remote Highlands the first fossil 
of the old red sandstone was revealed to him; its appearance struck 
him with astonishment ; a fellow-workman named a spot where many 
such monuments of former world were scattered about: he visited 
the spot, and became a geologist and the historian of the “Old Red.” 
And what strange, fantastic forms did it full to his lot to describe ! 
“ The figares on a China vase or Egyptian obelisk,” he says, “ differ less 
from the real representation of the objects than the fossil fishes of the 
‘Old Red” differ from the living forms which now swim in our seas.” 

The carboniferous limestone, which underlies the coal, the coal- 
measures themselves, the new red, the chalk, and the lias, have in 
their turn found their historians; but it would be foreign to our 
object to dwell further here on these branches of our subject. 

Some few of the fossilized beings referred to resemble species still 
found living, but the greater part have become quite extinct. ‘They 
constituted natural families, of which none of the genera have survived. 
Such is the Pterodactylus among the reptiles; the Ammonites among 
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the mollusks; that of the Ichthyosawrus and the Plesiosaurus among 
Saurians. Of other times only, there are lost genera belonging to 
families which are still living, as the genus Paleoniscus among fishes, 
Finally, we meet with lost species belonging to the genera of existing 
fauna. The Mammoth, for example, is a lost species of elephant. 

Some fossils are terrestrial, like the gigantic stag, Cereus Mega- 
ceros ; the Limacon, or Heli: fluivatal or lacustrine, like the Planorba ; 
‘the Lymna; the Physe; the Unio: marine, inhabiting the sea exelu- 
sively, as Cyprwa elegans, and the oyster, Ostrea Virgula, 

Sometimes fossils are preserved naturally, or only very slightly 
changed. Such is the state of some of the bones extracted from the more 
ecent caves ; such, also, is the condition of the insects found encased 
in the fossilized resins in which they are preserved from decomposition, 
and certain mollusks, found in the recent formations, and even in 
ancient jurassic or cretaceous strata: in some of these, the beds have 
preserved their colour, as well as the brilliant mother-of-pearl or nacre, 
of their shells, At Trouvello, in tho Kimmeridge strata, somo magni- 
ficent ammonites were found in the earth and marl, quite brilliant with 
the colour of their nacre. In the cretaceous soil at Machéroménil, some 
Aneyloceras and Hamites were found still covered with nacre, having 
a reflected brillianey of blue, green, and red, retaining an admirable 
effect, At Glos, near Liseaux, in the coral rag, not only the Am- 
monites, but the Trigonias and Avioulas baye all preserved their 
brilliant nacre, Sometimes these remains are much changed, the 
‘organic matter having totally disappeared ; it sometimes happens also, 
but rarely, that they become petrified, that is to say, the exterior form 
is preserved, but the primitive organic elements have disappeared, and 
have been replaced by foreign mineral substances—by silica or by car- 
bonate of lime. 

Geology has also enabled ns to draw very important conclusions 
from certain fossil remains whose nature had long remained unknown, 
bat which, under the name of eoprolifes, had given birth to long con- 
‘troversial discussions. Coprolites are the petrified or stony excre- 
ments of great fossil animals, ‘The study of these singular remains 

o2 
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has thrown unexpected light on the manners and physiological organ- 
ization of some of the great antediluvian animals. Their examination 
has revealed the scales of fish and teeth, thus permitting us to deter- 
mine the kind of nourishment in which the animals of the ancient 
world indulged: for example, the coprolites of the great marine reptile 
which bore the name of the Iethyosaurus contain, with the bones of 
other animals, remains of the vertebre, or of the phalanges of other 
Icthyosauri, showing that this animal habitually fed on the flesh of 
its own species, as many fishes do in our days, but especially the more 
yoracious ones. 

‘The imprints left upon the earth or sand, which time has hardened 
and transformed into sandstone, furnish to the geologist another 
series of precious indications. The reptiles of the ancient world, the 
turtles in particular, have left npon the sands, which time has trans- 
formed into blocks of stone, imprints which evidently represent the 
exact mould of the feet of these animals, These impressions haye 
sometimes been suflicient for naturalists to determine to what species 


‘Pig. t.—Labyrinthedon pachygnathus and foot-marks. 
the animal belonged which thus left its impress on the wet soil, 
Some of these exhibit tracks to which we shall have occasion to return, 
others present traces of the steps of the great reptile known as the 
Labyrinthodon or Oheirotherium, whose foot slightly resembles the 





GENERAL CONSIDERATIONS, 21 


hand of aman. Another well-known impression, which has been left 
upon the sandstone of Corncockle Moor in Dumfriesshire, is supposed 
to have been the impress of the foot of some great: turtle. 

We may be permitted to offer a short remark on this subject. 
The historian and antiquary may traverse the battle-fields of the 
Greeks and Romans, and search in vain for traces of these conquerors, 
whose armies ravaged the world, ‘Time, which has overthrown the 
monuments of their victories, has also effaced the imprint of their foot- 
steps ; and of millions of men besides, whose invasions haye spread deso- 
lation over Europe, there is not even a trace of their footsteps. These 
reptiles, on the contrary, which ranged for thousands of years on the 
surface of our planet when still in its infancy, have impressed on the 
soil indelible recollections of their existence. Hannibal and his 
legions, the barbarians and their savage hordes, have passed over the 
land without leaving a material mark of their passage, while the poor 
turtle which drags itself along on the silent shore of the primitive seas 
hhas bequeathed to learned posterity the image and imprint of a part of 
its body. These imprints may be perceived as distinctly marked 
on the rocks as the traces left in moist sand or in newly-fallen snow by 
some animal under our own eyes. What grave reflections should be 
awakened within us at the sight of these blocks of hardened earth, 
which thus earry back our thoughts to the first ages of the world! 
and how insignificant the discoveries of the archeologist who throws 
himself into costacies before some piece of Greck or Etruscan pottery, 
when compared with these veritable antiquities of the earth! 

The paleontologist (from maAacdy, ancient, dvros, being, Moyos, dis- 
course), who occupies himself with the study of animated beings 
which have lived on the earth, has also taken careful aceount of the 
‘sort of moulds left by organized bodies in the fine sediment which has 
enveloped them after death, Many organic beings haye left no organic 
‘trace of their existence in nature, but we find impressions of them 
perfectly preserved in the sand and limestone rocks, in the earth or 
lay, in the coal measures; and these moulds are sufficient to let us 
Know the species to which they belonged. We shall no doubt 
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preserved by the same physical mechanism, ‘Traces of undulations of 
this kind have been found in the neighbourhood of Boulogné-sur-Mer, 
Similar phenomena occur in a manner still more striking in some 
sandstone quarries opened at Chalindrey (Haute-Marne). The banks 
there present, upon a large surface, traces of the same kind, and along 
with them impressions of the exerements of marine worms, left on the 
shore, it is supposed, by the reftux of the tide, 


‘Tycaxpescencr or rae Cuvrrat Parr or mx GLozr. 
The idea of a grent central fire is a very ancient hypothesis: 
admitted by Descartes, and developed by Leibnitz and by Buffon, it 
‘has since been confirmed bya crowd of facts, and adopted, at least it is 
not opposed, by the leading authorities of the age. Herschel, Murehi- 
eon, Hind, Lyell, Ansted, and the leading English astronomers and 
geologists, give a cautions admission to the doctrine. Here are the 


cs 
When we descend into the interior of 1 mine we feel that the 


temperatare becomes elevated in an appreciable manner as we descend 


‘The high temperature of the waters in artesian wells, when these are 
vyory deep, testifies to the increase of heat in the interior of the earth. 
‘The thermal waters which issue warm from the earth, whose tem- 
perature sometimes rises to 100° Centigrade and upwards, as, for in- 
‘stance, the Geysers of Iceland, are another proof in support of the fact. 

‘The modern voleances are a visible demonstration of the existence 
of a central fire. The heated gases, the liquid lava, the red flame 
‘which escapes from their craters, prove snfliciently that the deeper 
parts of the globe are at a temperature prodigiously clevated. 

‘Tho disengagement of gas and burning vapour by the accidental fis~ 
‘sures in the crust which accompany earthquakes, still tends to establish 
the existenes of a central incandescence in the interior of the globe. 

‘We have already said that the temperature of the globe rises about 
‘one dogree for every sixty or seventy fect of depth beneath its surface, 
‘The exactness of this observation has been verified in a great number of 
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instamees—indeed to the greatest depth to which man has penetrated, 
and taken the thermometer. Now, as we know exactly the length of 
the radius of the terrestrial sphere, we may reckon on the progression 
of this temperature ; and supposing it to be regular and uniform, then 
the temperature at the centre of the globe ought to give at the present 
time a mean temperature of 195,000° Centigmde. No matter could 
preserve its solid state at this excessive temperature; it follows, then, 
that the centre of the globe, and all parts near the centre, must be in 
‘a stato of perfect fluidity. 

The works of Werner, Hutton, of Leopold de Buch, of Humboldt, 
of Cordier, have reduced this hypothesis to a theory, on which has 
been based, to a considerable extent, the modern science ot geology. 


Movrricatioxs ov THe Sunrace or tHe Grong. 

‘As a consequence of the hypothesis of central fire,it is admitted 
that our planet has been agitated by a series of local disturbances ; 
that is to say, by ruptures of the crust occurring at intervals more or 
less distant. ‘These partial revolutions at the surface are produced, as 
we shall have cecasion to explain, by upheavals or depressions of the 
solid crust, resulting from the fluidity of the central parts, and by 
the cooling down of the external crust of the globe. 

Almost all bodies in passing from a liquid to solid state are 
diminished in size in the process. In molten metals which recover the 
solid state by cooling, this diminution amounts to about a tenth of 
their volume; but the decrease in size is not equal over the whole 
mass: the outer envelope, from its greater exposure to radiation, is 
left much too large for the inner surface of the consolidated mass 
when entirely cooled. Cracks and hollows consequently oceur even in 
small masses; but the effect of converting such a vast body as the 
earth from a liquid, or rather molten state, may be imagined. As the 
interior became solid and concrete, by slow degrees, the crust would 
* be found too large for the interior of the sphere, which has contracted 
in cooling. The consequence would be furrows, corrugations, and 
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depressions in the crust, producing great inequalities in the surface of 
the globe; producing, in short, what constitutes chains of mountains 
and valleys, ravines or gorges. 

Tn other places, in lieu of furrows and wrinkles, the solid crust has 
broken in, producing fissures and ruptures in the exterior envelope, 
sometimes of immense extent. ‘The liquid substances contained in the 
interior, with or without the action of the gases they enclose, escape 
through these openings, and accumulating on the surface become, on 
cooling and consolidating, isoladed mountains of various heights. 

Tt would sometimes happen,.and always from the same canse, 
namely, from the interior contraction oceasioned by the unequal cooling 
of the globe, that incandescent liquid matter would be ejected into the 
smaller interior fissures in the terrestrial crust, filling them up, and 
forming in the centre of the rocky crust those long contracted lines 
of foreign substances which we call veize. 

Finally, it occasionally happens, that in place of molten matter such 
as granite or metallic compounds, we find escaping through these 
fractures and. crevices of the globe, veritable rivers of boiling water, 
charged abundantly with mineral salts; that is to say, with silicates, 
and with calcareous and magnesian compounds. The chemical and 
mechanical action of the atmosphere, of rain, and the waves, has a 
tendency to destroy even the hardest rocks, which crumble and are 
carried off in the waters. These salts and other substances, uniting 
‘themselves at first with those already existing in the sea, would at a 
subsequent period be separated again from the waters, deposited, and 
fms contrilmte greatly to extend the dry land. ‘These became the 
sedimentary vocks. 

‘The furrows, corrugations, and fractures in the terrestrial crust, 
which so changed the aspect of the surface, and for the moment dis- 
‘placed the sea basins, would be followed by periods of calm, During 
these periods, the débris, torn by the movement of the waters from 
eertain points of the land, would be transported to other parts by the 
‘oceanic currents. ‘These heterogeneous materials, when deposited, 
would accuroulate, and form new land, or ¢ransported rocks. 
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Such is the brief history of the origin of the earth and some of its 
phenomena ; but it is proper to state that it is not the only hypothesis 
by which the ingenuity of man has sought to solve the mighty problem ; 
and there are not wanting great names and strong reasoning to support 
some of them in the present day. ‘The Nebular theory, for instance, 
which embraces the whole solar system, and, by analogy, the universe, 
assumes that the sux was the original scene of incandescent matter, 
the vast body being brought into a state of revolution by the action of 
laws to which, in His divine wisdom, the Creator has subjected all 
matter. In consequence of its immense expansion and rarity, the 
exterior zone of vapour, expanding beyond the sphere of attraction, is 
supposed to have been thrown off by centrifugal force. This ring of 
vapour, which may be supposed at one time to have resembled the rings 
of Saturn, would in time break into several masses, which, coalescing 
into one great body, would, by the renewed power of attraction which 
the consolidated body would assume, revolve round the sun, and, from 
mechanical considerations, have # rotatory motion on its own axis. 

‘This doctrine applies to all the planets, and assumes each to be ina 
state of incandescent vapour, with a central burning nucleus. As the 
cooling went on, each of these bodies may be supposed to have thrown 
off similar masses of vapour, which, by the operation of the gfime laws, 
would assume the rotatory state, and, as a satellite, revolve ronnd the 
parent planet, Such, in briof, was the grand-conception of La Place; 
and surely it detracts nothing from the omnipotence of the Creator 
that it initiates the creation step by step, and under the laws to which 
matter is subjected, rather than by the direct fiat of the Almighty. 
‘The hypothesis assumes that as the vapoury mass cooled by the radia- 
tion of heat into space, the particles of matter would approximate and 
erystallize, 

‘That the figure of the earth is such asa very large mass of matter 
in a state of fluidity would assume from a state of rotation, seems to 
be admitted, thus corroborating the speculations of Leilnitz, that 
the earth is to be looked on as heated flnid globe, cooled, and still 
cooling, at the surface by radiation of its superfluous heat into space. 
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But Mr, Hopkins has put forth some strong but simple reasons 
bearing another construction, although he does not attempt to solve 
the problem otherwise than by inference. We gather from them that:— 

Tf the earth were a fluid mass cooled by radiation, the cooled parts | 
would, by the laws of circulating fluids, descend towards the centre,” 
and be replaced on the surface by matter at a higher temperature. 

‘The tendency of such a mass to consolidate would, therefore, be a 
struggle for superiority between pressure and temperature, both of 
which would be at their maximum at the centre of the mass. 

At the surface, it would be a question of rapidity of cooling by 
radiation os compared with the internal condition of heat—relations 
for comparing which we are without data ; but on the result of which 
depends whether such a body would most rapidly solidify at the surface 
by radiation, or at the centre by pressure. 

‘The effect of the first would be solidification at the surface first, fol- 
lowed by condensation at the centre through pressure. There would 
‘be two masses, a spherical fluid nucleus, and a spherical shell or enve- 
lope, with a large zone of semi-fluid, pasty matter between, con- 
tinually changing its temperature as its outer surface was converted to 
the solid state. 

‘If presspre, on the other hand, gained the victory, the centre 
would solidify before the circulation of the heated matter had ceased, 
and the solidifying process would proceed through a large portion of 
the globe, und even approach the surfice before that would become 
solid. In other words, solidification would proceed from the centre 
until the diminishing power of pressure was balanced by radiation, 
when the gradual abstraction of heat would allow the particles to 
approximate and crystallize. 

‘The terrestrial sphere may thus be a solid indurated mass at the 
centre, with a solid stony crust at the surface, and a shifting viscous, 
‘Tuut daily-decreasing, mass, between the two ; a supposition which the 
diminished und diminishing frequency and magnitnde of voleanie and 
other eruptive convulsions seems to render not improbable, 

‘Tt is to be observed, however, that although the problem is pro- 
bably beyond the power of man to solve, either hypothesis would 
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‘account for many of the phenomena which surround us, Each alike 
serves to explain the origin of mountains, of eruptive rocks, of me~ 
tallic veins, of sedimentary rocks, and transported rocks. The various 

Phenomena—corrugation and upheaval ; ejection of igneous matter ; 
the emergence of thermal waters charged with mineral salts; the 
decomposition of superficial rocks by pluvial and sea water, aided by 
atmospheric influences ; sedimentary deposits produced by gravitation 
—have cach been the great agents of change during all the geological 
periods, and they have continued in action up to our own days, It is 
to this complex series of phenomena that the terrestrial crust owes its 
so complicated and variable internal and external structure. From 
these considerations, we may divide the mineral substances of which * 
the earth is composed into three general groups, under the following 
heads :— 

1. Crystallized Rocks,—That portion of the terrestrial crust primi- 
tively liquid, but solidified at its first cooling down. 

2, Sedimentary Rocks.—Consisting of mineral substances, such as 
silica, carbonates of lime and magnesia, deposited by the waters of the 
seas, 

8. Eruptive Rocks—Crystalline, like the first, but formed in every 
geological period by irruption or ejection of the liquid matter oceu- 
pying the interior of our globe through the primitive rocks. 

‘The mineral masses which constitute the sedimentary rocks form 
beds, or rata, which have among themselves a constant order of super 
position which indicate their relative age. The mineral structure 
of these beds, and the remains of organized beings they contain, im- 
press on them that character which permits us to distinguish each 
from that which precedes and follows it. 

It does not follow, however, that all these beds aro met with, regu- 
larly superposed, over the whole surface of the globe: under such cir- 
cumstances geology would be a very simple science, and, so to speak, 
under the jurisdiction of the eyes. Tn consequence of the frequent 
eruptions of granite, of porphyry, serpentines and trachytes, of basalt 
and Java, these beds are often broken, interrupted, and replaced by 
others. At certain points, a whole series of sedimentary rocks, and 
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often many successive ones, have been displaced from this canse; the 
regular series are, in fact, rarely found complete. Tt is only by com- 
Bining the collected observations of the gedlogists of all countries that 
‘we are enabled to arrange, according to their ancient relations, the several 
beds composing the terrestrial crust as they occur in the following 
table, which proceeds from tho centre towards the superices -— 


Under those heads we propose to ourselves to examine the successive 
transformations to which the earth has been subjected in reaching its 
present condition : in other words, we propose, both from a historicat 
and descriptive point of view, to take a survey of the several epochs 
which can be distinguished in the gradual formation of the carth—the 
residence and domain of man, which correspond with the formation 
of the great groups of rocks in the preceding table, including the 
living creatures which have peopled the earth, and which have disap- 
peared, from causes which we shall also endeavour to trace: we shall 
describe the plants and animals belonging to each great phase in the 
history of the globe. At the same time, we shall not pass entirely in 
silence the rocks deposited by the waters, or thrown up by irruption 
during these periods ; we shall give, also, a summary of the mineralo- 
gical characters ani fossil characteristics belonging to each period, 
‘What we propose, in short, is to give a history of the formation of the 
globe, and a description of the principal rocks which actually compose 
it, with m rapid glance at the several generations of animals and 
plants which have succeeded and replaced each other on the earth, from 
Semimensiesemming 06 organised Tife to the appearance of man, 
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‘Tur theory which has been developed, and which considers the earth 
as an extinct sun—as » cooled-down star—as a nebula, or luminons 
clond, which has passed from the gaseous to the solid state—this 
fine conception, which unites so brilliantly the kindred sciences of 
astronomy and geology, belongs to the French mathematician, Tas Else 
the immortal author of the ‘ Mécanique Céleste.’ 

We have stated, in the preceding chapter, that the centre of the 
earth is still calculated to be about the temperature of 195,000° Cent., 
a degree of heat which surpasses all that imagination can conceive. 
‘We can have no difficulty in admitting that, in a heat so excessive, 
all substances which enter into the composition of the globe would be 
reduced in its origin to the state of gas or vapour. Onur planet, then, 
aust have been an aggregate of aériform fluids—a mass of matter 
entirely gaseous; and if we reflect that the substances in their gaseous 
state would oceupy a space eighteen hundred times larger in that state 
than in the solid, we shall have some conception of the enormous 
yolume of this gaseous mass, It would be as large as the sun, which 
is fourteen hundred thousand times larger than the terrestrial sphere, 
In Fig. 3 we have attempted to give an idea of the vast difference 
existing between the earth in its solid state and the primitive gaseous 
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on its continual cooling, but. at the end.of a. period of tims, \OE wel 
it would bo impossible, even approximately, to fix the durati 
star, ab first gaseous, would reach its liquid state, Tt would 
considerably diminished in volume. ; 

‘The laws of mechanies teach us that liquid bodies, 


gravitate in what Descartes calls his tourbillon, a common 

“Tn the primitive state in which we must suppose the sun to bi 
says, “ it resembles one of those nebula which the teleseope m 
us, consisting of a nucleus, more or less brilliant, surrounde 
nous clonds, which clouds, cago te eats ae a 
into o star.” 

‘The eartlr is subject to two distinet movements; namely, a 


ment of translation round the sun, and a movement of 

its own axis—the latter a uniform movement, which produces the: 
alternations of days and nights. Mechanics have 

fact, confirmed by experiment, that a fluid mass in 

duced by the variation of ocuaiigs! cs sa 3s ae 
produces a swelling towards the middle of the sphere, and 

the poles or extremities of its axis. In virtue of this 

earth, when in its liquid state, became swollen at the equator and 
flattened at each pole,and has passed from its primitive 

form to the ellipsoid form—that is, it is flattened at each of i 
mities, a 
‘This swelling at the equator and flattening towards the poles afford 
the most direct proofs thatcan be adduced of the primitive liquid state of 
our planet. A‘solid and non-clastic sphere—an ivory ball, for example 
—might turn daring ages upon its axis, but its form would sustain 
no change; but-a liquid ball, of a pasty consistence, would swell out 
towards the middle, and, in the same proportion, he flattened st the 
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extremities of the axis, It was upon this principle, namely, by admitting 
the primitive fluidity of the globe, that Newton announced é priori the 
expansion of the globe at the equator and flattening at the poles, and 
he even fixed in advance the proportion of the flattening. The direet 
measurement, both of the expansion and flattening, by Maupertuis, 
Clairant, Camus, and Lemonnier, in 1736, proved how exact the caleu- 
lations of the great geometrician were. These gentlemen, accom- 
panied by the Abbé Onthier, were sent into Laponia by the Aca- 
démie des Sciences; the Swedish astronomer, Celsius, accompanied 
them, and furnished them with the best instruments for measuring 
and surveying. At the same time, the Academy sent Bouguer and 
Condamine to the equatorial regions of South America. The mea- 
surements taken in both these places established the existence of the 
equatorial expansion and the polar depression, It was found that the 
Oe eee 


TURE chor, as a consequence of the partial cooling down of 


the terrestrial mass, that all the gaseous substances composing it should 
pass into a liquid state, some of these would remain in the state of gas 
or vapour, and would form round the terrestrial spheroid, an envelope 
or atmosphere, from the Greck word druds, vapoury, opaipa, sphere. 
Wo shall not have formed a very itexact idea of the attaosphere which 
surrounded the globe at this remote period, if we compare it with that 
which surrounds us now; but the extent of atmosphere which sur- 
rounded the primitive earth must have been immense; it doubtless 
reached the moon. Tt included, in short, in the state of vapour, the 
enormous mass of waters which now, in their condensed form, constitute 
the mighty ocean, added to the other substances which preserved their 
‘gastous state at the temperature then exhibited by the incandescent 
earth, and it is certainly no exaggeration to place this at 2000° Centi- 
gralle, The atmosphere would participate in this temperature ; and, 
‘acted on by this excessive heat, the pressure that it would exercise on 
the earth would be infinitely more considerable than that which it 
‘exercises at the present time. To the gases which form the compo- 
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nent parts of the air—namely, azote, oxygen, and carbonic acid gas 
—to the enormous masses of watery vapour, we should have to add 
vast quantities of mineral substances, metallic or earthy, reduced to 
the gaseous state, and maintained in that state by the temperature of 
this gigantic furnace. The metals, the chlorides—metallic, alkaline, 
and earthy, the sulphurets, and even the earthy bases of silica, of 
aluminum, and of lime; all at this temperature would exist in o 
‘yapoury form in the atmosphere surrounding the primitive globe, 

It is thought that, under these circumstances, the different substances 
composing the atmosphere would be ranged round the globe in the order 
of their density; the first layer—that nearest to the surface—being 
formed of the heavier vapours, as the metals, iron, platinum, copper, 
mixed doubtless with clouds of fine metallic grains produced by the 
partial condensation of their vapours. This first and heaviest zone, 
and the thickest also, would be opaqne, although the surface of the 
earth was still at a red heat. Next in order would come the more 
yapourizable substances, such as the metallic and alkaline chlorides, 
particularly the chloride of sodium or marine salt, of sulphur and 
phosphorus, with all the yolatile combinations of these substances, 
‘The upper zone would contain matter still more easily vapourized, 
such as watery vapour or steam, united with bodies naturally gaseous, 
as oxygen, azote, and carbonic acid. This order of superposition, 
however, would not maintain itself constantly. In spite of their un- 
eqnal density the three atmosphorieal beds would often be mixed, 
producing formidable storms, violent ebullitions; throwing down, 
tearing, upheaving, and confounding these incandescent zones, 

As to the globe itself, without being so much agitated as its fiery and 
mobile atmosphere, it would be no less the prey of perpetual storms, 
cceasioned by the thousand chemical processes which were in action in 
its molten mass. On the other hand, the electricity resulting from 
these powerful chemical operations, condueted on a scale so unlimited, 
would provoke frightful detonations, the echoes of thunder adding to 
the horror of this primitive picture, which no imagination, no human 
pencil could trace, and which constitutes the gloomy and’ disastrous 
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chaos of which the legendary history of every ancient race has trans- 
mitted the tradition. In this manner would our globe circulate in space, 
carrying in its train the burning streaks of its multiplied atmosphere, 
untitted, as yet, for living beings, and impenetrable to tho rays of the 
sun, around which, nevertheless, it describes its gigantic curve, 

The temperature of the planetary regions is infinitely low: accord- 
ing to Laplace, it cannot be estimated at less than a hundred degrees 
below zero. ‘These glacial regions, which would be traversed in its 
course by the glowing incandescent globe, would necessarily cool it step 
by step; at first, superficially, when it would take a pasty consist- 
ence. Nor must it be forgotten that the carth in its liquid state would 
be obedient in all its mass to the action of flux and reflux which pro- 
ceods from the attraction of the sun and moon, but to which the 


necessarily be u much slower process—one which 
being completed at the present timo; for it is 
thickness of the earth's crust does not 

while the mean radius or distance from the 


p2 
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planet supposed to be solidified represents only a very small fraction 
of its total mass. We 
may indeed express, 
after a very simple but 
just fashion, the relation 
between the liquid and 
concrete portions of our 
globe, if we imagine an 
orange to represent the 
earth, when the thick- 
ness of a sheet of paper 
placed round it will re- 
present the solid crust 


tionate relations of the 


solid and liquid masses 
between the terrestrial 


crust and the interior 
still liquid, The ter- 
‘restrial sphere haying a 
radius of 3,956 miles, 
and a diameter of 7,912, 
and the solid crust about 
thirty miles, which re- 
presents y}q of the dia- 
meter, or y4g of the 
radius, the engraving 
represents these pro- 
portions with tolerable 
exactness. 
To determine, even 
Hie. ¢—Relalive volume ofthe oid und null mas of the gis, approximately, the time 
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matter. Fig. 7 represents an eruption of granite through a mass of 
sedimentary rock: the granite ejected from the centre fills all the 


Pig. 1-—Krwption of granite. 
clefts and fractures, but it has not been sufficiently powerful to pene- 
trate to the surface. 

e surface of the earth, then, which would be at first: smooth 
there were formed, from the very beginning, swelling 
eminenees, hollows, corrugations, and crevasses, which would materially 
aspect ; itsarid and burning surface bristled with 
or was furrowed with clefts and cracks. Neverthe- 
@ globe continued to cool, a time arrived when its temperature 
became insufficient to maintain in a state of vapour the vast masses of 
water which floated, suspended and vapourized, in the atmosphere. 
‘These vapours would pass into the liquid state, and now the first rain- 
drops fell upon the earth. Let us here remark that these were veritable 
rain-dropsof boiling water ; for, in consequence of the very considerable 
pressure of the atmosphere, water would be condensed and become 

liquid at a temperature yery superior to 100° Centigrade, 


‘The first drop of water which fell upon the still-burning terrestrial 
“sphere marked « new period in its evolution—a period the mechanical 
and chemical effects of which it is important to analyse, The contact 
‘of the condensed water with the consolidated surface of the globe opens 
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to the imagination, which the reader must interpret after 
fashion. 
The first water which fell in the liquid state upon the 


‘again descend to the earth in a liquid state, to reascend as vay 
fall agnin in a state of condensation, But these alternate ¢ 
tho physical condition of water could only be maintained 
considerable temperature on the surface of the globe, whi 
alternations of heat and cold were rapidly diminishing: 
heat was being dissipated in the regions of celestial space. 
‘This phenomenon extending itself by degrees to the whole 
‘watery vapour existing in the atmosphere, the wnters in 
quantities covered the earth; and as the conyersion of all 
‘yapour is provocative of a notable disengagement of elec 
quantity of electric fluid necessarily resulted from the e 


has attempted to represent on the opposite page (Px. 11), 

How long did this struggle for supremacy between fire and 
with the incessant noise of thunder, continue? All that can be 
reply is, that a day came when water was triumphant. After havi 
covered, to a vast extent, the basins and hollows of the earth, it fin 
eceupied and eovered the whole surface; for there is good m 
Ddelieve that at a certain epoch, at the commencement, so to sped 
‘its evolutions, the earth was covered by the waters in its whole 
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Ocean was universal. From this moment our globe enteted on a 
regular series of revolutions, interrupted only by the outbreaks of 
internal fire still concealed under its imperfectly consolidated crust, 

Tn order to comprehend the complex actions, some of them mechanical, 
others chemical, which the waters, still boiling, exercised on this solid 
crust, let us consider what were the components of this crust. The 
rocks which formed its first stratum, the framework of the earth, the 
foundation upon which all others repose, is a compound which in dif- 
ferent proportions forms gneiss and granite. 

What is this gneiss, this granite, speaking of it in its mineralogical 
character? It is a combination of silicates, with a base of aluminum, 
of potash, and soda: guartz, felspar, and mica form, by their simple 
aggregation withont cement, granite: it is thus a combination of three 
minerals, ad 

Quartz is a silica more or less pure, and often crystallized, Fel 
spar is a white crystalline substance, composed of silicate of aluminum, 
of potash, or of soda; potassic felspar is called orthose, felspar of 
soda, albite. Mica, a silicate of aluminum and of potash, containing 
magnesia and the oxide of iron: it takes its name from the Latin 
aieare, to shine or glitter. 

Granite, from the Italian grano, being granulated in its structure, is, 
then, a compound rock, formed of felspar, quartz, and mica, and the 
three elements are crystalline, G@neive,n word drawn from the Saxon, 
is a variety of granite, composed of felspar and mica, but in which 
the latter predominates: its foliated structure leads sometimes to its 

‘The felspar which enters into the composition of granite is a 
mineral which is easily decomposed in water, either cold or boiling, or 
in carbonic acid contained in the atmosphere. The chemical action of 
air and water, and the action at once chemical and mechanical of the 
hot water which was universal in the primitive seas, powerfully modi- 
fied the granitic rocks which lay beneath these seas. ‘The warm rain 
which fell upon the mountain peaks and granitic pinnacles, the torrents 
of rain which fell upon the slopes or in the valleys, dissolved the 





44 WORLD BEFORE THE DELUGE. 


several silicates which constitute the felspar and mica, and their 
débris were swept away to form elsewhere banks of argillaceous and 
quartzose sand: thus were the first modifications in the primitive rocks 
produced by the united action of air and water, and thus were the 
first sedimentary rocks deposited by the oceanic waters. 

The argillaceous soil produced by this decomposition of the fel- 
spathic and miexecons rocks would participate in the still burning 
temperatare of the globe—would be again subjected to partial fasion— 
and when they became cool again, they would take, by a kind of semi- 
crystallization, that foliated form which is called schistose structure, 
from the Greek word cyia7ds, easy to divide, or exrorew, to divide, 
a structure of which the roofing slates which separate naturally into 
thin leaves give an exact iden. 

Tn this manner would the first argillaceous and schistose rocks be 
formed ; and thus it is that a thick bed of schist, the earliest sedimen- 
tary rocks known, rests immediately upon gneissie rocks of supposed 
igneous origin. 

At the end of this first phase of its existence, the terrestrial sphere 
was, then, covered in nearly its whole extent with hot and muddy 
water, forming extensive but shallow seas, A few islets, raising here 
and there their granitic peaks, would form a sort of archipelago, sur 
“rounded ‘by seas filled with earthy débris held in suspension, During 
a long series of ages, the solid crast of the globe would go on inereas- 
ing in thickness as the process of solidification of the liquid matter 
nearest to the surface proceeded ; but this process was not altogether 
one of tranquil progress; the solid surface had not yet attained the 
consistency necessary to resist the pressure of the heated, expansive 
gases and boiling liquids covered and compressed by its elastic ernst. 
‘The waves of this internal sea triumphed more than once aver the 
feeble resistance opposed to it; enormous dislocations and breaches 
were made in its thickness; immense upheavals of the solid ernst 
raised the bottoms of seas far above their former level; mountains 
rose out of the ocean, and these were not now exclusively granitic, but 
were composed, besides, of those schistose rocks which had been depo- 
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sited under the ocean after being long held in suspension in the muddy 
seas, 

On the other hand, the earth, os it continued to cool and settle, 
would also be diminished in size; and this process of contraction, as 
we haye already explained, was another cause of dislocation at the 
surface, producing either considerable ruptures or simple fissures in 
the continuity of the crust. ‘These fissures would be filled at a subse- 
quent period by jets of the molten matter occupying the interior of 
the globe—by eruptive granite, that is to say, or by some of the many 
metallic compounds ; or they opened a passage to those torrents of 
boiling water charged with mineral salts, with silica, bicarbonate of 
lime, and magnesia, which, mingling with the waters of the vast pri- 
mitive ocean, were deposited on the basins of the seas, thus helping to 
increase the mass of the mineral substances of the globe. 

‘These eruptions of mineral or metallic matter—these vast outpour- 
ings of mineral waters through the fractured surface—would be of 
frequent occurrence during the primitive epoch we are contemplating : 
it should not, therefore, be matter of surprise to find the more ancient 
‘rocks almost always dislocated, reduced in dimensions, and often inter- 
rupted by veins containing metals, metallic oxides, such as oxide of 
copper and tin, or the sulphurates, such as those of lead, of antimony, 
‘or of iron, the objects of the miner's art. 
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Is sketching the first epoch of the earth’s history, we have en- 
deayoured to prepare the reader for comprehending the very sum- 
mary description we shall give of the rocks which constitute the base 


of all the mineral beds of the globe, which were formerly designated 
primitive rocks. "These rocks, which are of very limited extent in Cen- 
tral Enrope, occupy in the north of Europe and America, and wherever 
there are lofty mountain ranges, spaces of great extent. They eom- 
prehend the granites, porphyries, and other rocks called Plutonic, as 
one class, and in the other they consist of erystalline strata, slates, 
and schists, which are found to underlie the older sedimentary rocks in 
every quarter of the globe; and along with this rock may be grouped 
micaceous schist, hornblende schist, and some other slaty rocks 
which have no very well-defined place in the system. “This great 
division of rocks,” says Sir Charles Lyell, “contains no pebbles, or 
‘sand, or seori, or angular pieces of embedded stone, and no traces of 
‘organic bodies, and they are often as crystalline as granite, yet are 
divided into beds corresponding in form and arrangement to those of 
sedimentary formations, and are therefore said to be stratified. Tho 
feds sometimes consist of an alternation of substances varying in colour, 
composition, and thickness, precisely as we see in stratified fossiliferous 
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deposits. According to the Huttonian theory, which I adopt us the 
most probable, the materials of these strata were originally deposited 
from water in the usual form of sediment, but they were subsequently 
so altered by subterranean heat as to assume a new texture, It is 
demonstrable, in some cases at least, that such a complete conversion 
has actnally taken place, fossiliferous strata having exchanged an 
earthy for « highly-crystalline texture for the distance.of » quarter of 
a mile from their contact with the granite.” Sir Charles adds: “How 
far hot water or steam, permeating stratified masses under great 
pressure, has operated to produce the erystalline texture, may be 
matter of speculation ; but it is clear that the Platonic influence has 
sometimes pervaded entire mountain masses of strata.” Arguing 
from these premises, he divides rocks into four great classes—the 
aqueous, the volcanic, the Plutonic, and the transformed rocks in 
qnestion, to which he applies the term “ metamorphic.” “ Tt is not true,” 
he adds, “that all granites, together with the crystallinear metamor- 
phie rocks, were first formed, and therefore entitled to be called ‘ primi- 
tive.” They are of all ages, and he suggests the substitution of Hypo- 
gine, © word implying the theory that gneiss, granite, and the other 
crystalline formations, are alike formed underground, and haye not 
assomed their present form and structure at the surface, Such, 
‘however, are the rocks which lie at the base of our system—the rocky 
framework of the earth: it supports all the sedimentary rocks, and 
in its composition three distinct mineral compounds are recognised, 
namely, 1. Micaschists ; 2. Gneiss ; 3. Chloritie Schists, 

Beds of the first present, as an essential clement, the brightly 
shining, foliated, elastic, and transparent mineral which bears the 
name of mio, which, when found in great masses, receive the name 
of micaschists. 

Tn contact with the granite, a formation quite distinct from the 
preceding appears; in consequence of the felspar, which it contains 
in variable quantities, it is known as gneiss. On the much-contro- 
verted question of the origin of this substance, Professor, Fournet says 
that it sometimes appears to be only granite laminated in consequence 
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of the action to which it has been subjected, either in flowing or in 
being thrust between other rocks in its molten state, Sometimes it is 
the result of capillary infiltration of the granite, in a pasty state, 
between the foliations of the micaschist, effected under the influence of 
a high temperature, in which the foliated tissue bas been given; but 
the tissue is subject to modifications ; the leaves being regular and 
parallel, or much contorted and rumpled. Its stratiform structure, 
generally very characteristic, giving to gneiss a certain resemblance to 
rocks of sedimentary formation, although they originate in causes so 
Yery different. ‘‘ Gneiss,” says Sir Charles Lyell, “may be called 
stratified, or by those who object to that term, foliated granite, being 
formed of the same materials, namely, felspar, quartz, and mica” but 
in the example he gives these occur in layers —a white consisting 
almost exclusively of granular felspar, the dark layers of grey quart 
and black mica, with occasional grains of felspar. 

The beds of micaschists and gneiss would appear to form a fourth 
‘or fifth of the solid crust of the earth. In Great Britain, gneiss, 
‘micaschists, and hornblende-schists, are confined to the country north 
‘of the Forth and Clyde. In France they aro found in the Lyonnais, 
the Limonsin, the Lozire, the Cevennes, Auvergne, Brittany, La 
‘Vendée, the Vosges. Poor districts for agriculture, they are fruitful 
for the miner: the stratum being rich in metals, because it is pene- 
fratod in oll directions and in all ages by veins, Gold and silver are 
found in it in Saxony; copper, in Sweden, at Fublun, with oxide of 
tin, of iron, and eyen precious stones, as garnets, rubies, &e. After 
the micaschista and gneiss, the primitive rocks include the chloritic 


‘This stratum has chlorite for ifs chicf characteristic: it is a scaly 
substance, of a more or less sombre green, coloured by a silicate of 
iron. In Languedoc, the chiloritic schists appear in holes and 
i ea they acquire a fine development in the Lyonnais, where 

the inhabitants green horns or red horns, 
ye depends on the felspar absorbed. 
wversed by numerous veins, In the Alps, 

x 
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in several localities, such as Allevard, Allemont, Cogne, Saint-Mareel, 
Chessy, and Sain-Bel, Alagna, and Pastarona, they include veins of 
copper, of oxide of iron, of spathic carbonated iron, of platinum, some 
silver, gold, and manganese. 


Envpriye Rocrs. 

Nothing is more difficult than to write a chronological history of 
the revolutions and changes to which the earth has been subjected 
during the ages which preceded the historic times. The phenomena 
which have concurred to fashion its enormous masses, and give them 
their present form and structure, are so numerous, so varied, and 
sometimes so nearly siynultaneous in their action, that the records 
defy the powers of observation to separate them. The deposit of the 
sedimentary rocks has been subject to interruption during all ages of 
the world. Violent igneous eruptions have penetrated the sedimen- 
tary beds, elevating them in some places, depressing them in others, 
and in all cases disturbing their order of superposition, and ejecting 
masses of crystallized rock from the incandescent centre to the 
surface, Amidst these perturbations, sometimes stretching over a vast 
extent of country, anything like a rigorous chronological record 
‘becomes impossible; the phenomena are continual and complex: it is 
no longer possible to distinguish the fundamental from the aecidental, 
or either from the secondary, either in the causes or the results, 

In order to render the subject somewhat clearer, the great facts rela~ 
tive to the progressive formation of the terrestrial globe are divided 
into epochs, during which the sedimentary rocks are deposited in 
due order by the seas of the ancient world, and along with the mud 
and sand, which was deposited day by day, the newly-made soil 
became the cemetery of the myriads of beings which lived and died in 
the bosom of the ocean. The rocks thus deposited were called Nep- 
tunian by the older geologists. 

But while the seas of each epoch were thus building up, grain by 
gmain, and rock by rock, the new formation ont of the rains of the 
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old, other influences were at work, sometimes, to all appearance, im- 
peding, sometimes advancing the great work. The Plutonian rocks— 
to use an expression now somewhat superannuated—-the igneous rocks 
of modern geology, as we have seen above, were the great disturbing 
agents, and these disturbances occur in every age of the earth's history. 
We shall have occasion to speak of these eruptive formations while de- 
scribing the phenomena of the several epochs. But it is thought that 
the narrative will be rendered more homogeneous and clearer by 
grouping this class of phenomena into one chapter, and we place it at 
the commencement, inasmuch as the constant reference to the erup- 
tive rocks will thus be rendered more intelligible. 

The rocks which issued from the centre of the earth in a state of 
fasion would mix themselves with the stratified masses of every epoch, 
more especially with the more ancient, ‘The formations to which these 
rocks have given bitth possess great interest; first, because they are 
necessary constituents of the terrestrial crust; afterwards, becauso 
they baye impressed on the soil in the course of their eruption some 
of the characteristics of its configuration and structure; finally, because 
by their means the metals which are the objects of human industry 
Ihaye been brought near to the surface, According to the order of 
their appearance, as nearly as can be ascertained, we shall class the 
eruptive formations in the following chapter in two groups :— 

T. The Plutonic eruptions, which have produced the extremely 
‘yaried kinds of granite, the syenites, the protogines and porphyries, 
‘These differ from the volcanic rocks in their more compact crystalline 
structure, absence of tufa, pores and cavities, from which it is inferred 
that they have been formed at considerable depths in the earth, and 
have cooled and erystallized under great pressure. 

Il. The voleanio eruptions, of more recent origin, which have 
given birth to a succession of trachytes, basalts, and lavas. ‘These, 
‘Teing of looser texture, are presumed to have cooled more rapidly, and 
at or near the surface, 
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Puvroxic Enverioxs. 

The great eruptions of ancient granite are supposed to have 
oegurred during the primitive epoch, and chiefly in the carboniferous 
period. They present themselves sometimes in considerable masses, 
for the crust being still thin, probably only partially consolidated, 
‘and permeable, it was prepared as it were for absorbing the granitic 
masses, In consequence of its weak cohesion, the primitive crust would 
‘be torn and penetrated in all directions, as represented in the following 
section of Cape Wrath, in Sntherlandshire, in which the veins of 


Hig, 8 Injected veins in Someone: 


granite ramify in a very irregular manner across the gneiss and 
hornblende-schist, here associated with it. 

Granite when it is sound furnishes a fine building stone; and wo 
need not add that it deserves the character of extreme hardness with 
which the poets have gratuitously gifted it, Tts granulated texture 
renders it unfit for roal-stone, where it gets redueed too quickly to 
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dust. With his hammer the geologist easily fashions its fragments; 
and in the Russian War, in the bombardment of Bomarsund, the 
ballets from our ships demonstrated that ramparts of granite were 
demolished as easily as those constructed of limestone. 

Granite varies very much in its composition, and occasionally it passes 
insensibly from fine to coarse grained granite, and the finer is even 
found imbedded in the coarser grained ; but it forms no conglomerate : 
its component minerals are felspar, quartz, and mica in varying pro- 
portions; felspar being generally the most abundant in quantity, and 
quartz exceeding the quantity of mica. The whole being united in a 
confused and irregular kind of erystallization. 

Granite is supposed to have been “formed at considerable depths 
in the earth, where it has cooled and crystallized slowly under a 
pressure so great that the contained gases could not expand.” “The 
influence," says Lyell, “of subterrancan heat may extend downwards 
from the crater of every active voleano to a great depth below, 
perhaps several miles or leagues ; and the effects which are produced 
doep in the bowels of the earth may, or rather must, be distinct: so 
that volcanic and Plutonic rocks each differ in texture, and sometimes 
even in composition, and may originate simultaxeously, the one at the 
surface, the other far beneath it.” Other views, however, of its 
origin are not unknown to scienca: Professor Ramsay and some 
other geologists consider granite to be metamorphic, “ For my part,” 
says tho Professor, 1 believe that in ono sense it is an igneous rock ; 
that is to say, that it has been completely fused ; but in another sense 
that it is a metamorphic rock, partly because it is impossible in many 
cases to draw any definite line between the gneiss and guite: they 
puss into each other by insensible gradations, and granite frequently 
ocenpies the space that ought to be filled with gneiss, were it not that 
the gneiss has been fused. I believe therefore that granite and its 
allies are simply the effect of the extreme of metamorphose, In other 
words, when the metamorphose has been so great that all traces of 
the same crystalline laminated structure has disappeared, a more 
perfect crystallization has taken place.” It is obvions tut the very 
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result on which the Professor founds his theory, namely, the difficulty 
“in many cases,” of drawing a line between the granite and gneiss, 
would be produced by the sudden injection of the fluid minerals into 
gneiss, composed of the same materials. Moreover, it is only in some 
cases that éhe difficulty exists ; in many others the line of separation is 
definable enough, 

Syenite, in which a part of the mica is replaced by amphibole or 
hornblende rock, has to all appearanee surged to the surface after the 
granite, and very often alongside that rock, Thus the two extre- 
mities of the Vosges towards Belfort and Strasburg are eminently 
syenitic, while the intermediate part towards Colmar is as markedly 
granitic, Tn the Lyonnais the southern region is grmnitie; the 
northern region, from Arbresle, is in great part syenitic. ‘The syenite 
also shows itself in the Limousin, 

The mineralogical constitution of syonite, into which felspar, often 
rose-coloured, enters, forms a rock much finer than the amphibole or 
hornblende, its green colour now nearly black by contrast. This rock 
is a valuable adjunct for architectural ornament; it is the rock out of 
which the ancient Egyptians shaped their celebrated monumental 
columns, their sphinxes, and many of the sarcophagi; ani the most 
perfect specimens are quarried not far from the city of Syene in that 
country, from which it derives its name. The obelisk of Luxor, now in 
Paris, and several of the Egyptian obelisks in Rome, and the celebrated 
sphinxes of which copies may be seen in front of the Egyptian Court 
of the Crystal Palace, the pedestal of the statue of Peter the Great 
at St. Petersburg, and the facing of the sub-basement of the column 
in the Place Vendome in Paris, are of this stone, of which there 
are quarries in the neighbourhood of Plaucher-les-Mines in the 
Vosges. 

Syenite disintegrates more easily than granite, and it contains 
some nodules very highly condensed, which often remain in the form 
of large round balls, in the middle of the débris produced by disinte- 
gration. Tt remains to be added that the syenitic masses are often 
highly heterogeneous ; the amphibole sometimes fails, and we can only 
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recognise an ancient granite, In other instances the amphibole pre~ 
dominates so much that a déorite, or greenstone, results. The geologist 
should be prepared to observe these transformations, which are apt to 
lead him into error if passed over. 

Protogine, or taleose granite, is another kind of this rock, composed 
of felspar, quartz, and tale, chlorite taking the place of mica, Ex- 
cessively variable in its texture, the protogine passes from the most 
perfect granitoid aspect to the porphyritic, in such a manner as to 
present continual subjects of uncertainty, rendering it very diffienlt to 
determine its geological age. Nevertheless, it is believed that it came 
to the surface before the coal period : in short, at Crensat, protogine 
overlies tho coal fields so completely that it is necessary to sink the 
pits through the protogine, in orier to penetrate to the coal beds, 
and the rock has so manifestly acted on the coal fields, as to have 
contorted and metamorphosed them. Something analogous to this 
manifests itself near Mont Blane: the colossal mass which dominates 

over this chain, and the pinnacles which belong to it, are composed 
of protogine. But as no such action can be traced in the rocks in jux- 
tuposition with the trinsic period, it may be assumed that in the 
‘epoch of the new red sandstone the protoginons emissions had ceased. 

‘It is necessary to add, however, that if the protogine raises its 
told ond hardy pinnacles round Mont Blanc, the circumstance only 
‘applies to the vertical parts of tho mountain, and is influenced by the 
excessive rigour of the weather, which demolishes and reduces the parts 
of the rock which haye been decomposed by the atmospheric agents. 
Where protogine oceurs in a milder climate,—around Crensat, and at 
Piorre-sur-Autre, in the Forez chain, for instance,—the mountains 
show none of the scarped and bristling peaks exhibited in the chain 
‘of Mont Blanc. Single projecting rocks occasionally form rocking- 
stones, so called because they repose a convex base upon a pedestal 
‘equally conyex, but in a contrary way. It is easy to move these badly- 
placed blocks, but from their vast size it would require yery consi- 
derable force to displace them. This tendency to fashion themselves 
futo rounded or ellipsoid forms belongs to other granitic rocks, and 
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‘even to some of the sandstones. The rocking-stones have often been 
the subjects of legends and popular myths. 

The great eruptions of granite, of protogine and porphyry, took 
place, according to M. Fournet, during the carboniferous period, for 
porphyritie stones are found in the conglomerates of that period. “ The 
granite of Dartmoor, in Devonshire,” says Lyell, “was formerly sup- 
posed to be one of the most ancient of the Plutonic rocks, but it is now 
ascertained to be posterior in date to the culm measures of that county, 
which from their position, and as containing true coal plants, are 
regarded by Professor Sedgwick and Sir R. Murchison as members 
of the carboniferons series. This granite, like the syenite of Chris- 
tiania, has broken through the stratified formations without much 
changing their strike. Hence on the north-west side of Dartmoor the 
successive members of the culm measures abut on the granite, and 
become metamorphic as they approach, ‘The granite of Cornwall is 
probably of the same date, and therefore, like it, as modern as the 
carboniferous strata, if not newer.” : 

The ancient granites show themselves in France, in the Vosges, 
in Auvergne, at Espinouse in Languedoc, at Plan-de-ln-Tour in 
Provence, in the chain of the Cevenole, at Mont Pilat, near Lyon, and 
in the southern part of the Lyonnaise plain. ‘They rarely impart bold- 
ness or grandeur to the landscape, as might be expected from its 
crystallized form and hardness, Probably when first exposed to the 
atmosphere at its high temperature, while the globe was yet eonso- 
Tidating, the rock assumed a uniform character, forming hills of a 
peculiar rounded form; clothed in 2 seanty vegetation, the surface 
of the rock in a crumbling state, the corners rounded by the action 
of air and water, it is only where recent dislocations have broken 
them up that they assume a picturesque character, 

The Christiania granite alluded to above was at one time 
to have belonged to the Silurian period. But in 1813 Von Buch 
announced that the strata in question consisted of limestones containing 
orthoceretis and trilobites; the shales and limestone being only pene 
trated by granite veins, and altered for a considerable distance from the 
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point of contact. The sume granite is found to penetrate the ancient 
gneiss of the country on which the fossiliferous beds rest—un- 
conformably, as the geologists say ; that is, it rests on the edges of the 
gneiss, from which other stratified deposits had been washed away or 
“ dennded” before the sedimentary beds were deposited. “ Between the 
origin, therefore, of gneiss and the granite,” says Lyell, “there 
intervened, first, the period in which the strata of gneiss were 
dennded ; secondly, the period of the Silurian deposits. Yet the 
granite produced after this long interval is often so intimately blended 
with the gneiss at the point of junction that it is impossible to draw 
any other than an arbitrary lino of separation between them: when 
this is not the case, tortuous veins of granite pass freely through the 
gneiss, ending sometimes in mere threads, as if the older rock had 
offered no resistance to their passage.” From this example, Sir 
Charles concludes that it is imposible fo conjecture whether certain 
granites, which send veins into gneiss and other metamorphic rocks, 
have been so injected while the gneiss was scarcely solidified, or at 
‘some secondary or tertiary period. As it is, no single mass of granite 
can be pointed out more ancient than the fossiliferous deposits ; no 
Lower Cambrian stratum is known to rest immediately on granite; no 
pebbles of granite are found in the conglomerates of the Lower 
Cambrian. On the contrary, granite is usually found, xs in the ease of 
Dartmoor, in immediate contact with secondary formations with every 
sign of eleyation subsequent to their formation. Porphyritie pebbles 
fre found in the coal measures: they continue during the triassie 
period ; since, in some parts of Germany, veins of porphyry are found 
traversing the new red sandstones, or grés bigarées of French geolo- 
gists. Syenites have especially reacted upon the Silurian deposits, 
and other older sedimentary rocks, up to those of the lower ear 
boniferous period. 

Porphyry is « variety of granite, the clements of which—quartz, 
felspar, and mica—are the nucleus, sot in a’non-crystallized paste, which 
‘unites the mass in a manner which will be familiar to many of our 
readers who remember the granite of the Land's End, Cornwall, 
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where tho crystals of quartz, sometimes of considerable size, are 
sprinkled over the surface of the block of felspar, mixing with silvery 
specks of mica, as if the quartz and mica already erystallized had been 
set in tho felapar while yet in a viscous condition, In granite, on the 
contrary, large quantities of the several minerals would seem to haye 
been incorporated together, and crystallized under the same conditions. 
‘The paste of porphyry is essentially composed of felspar, and a quantity, 
more or less considerble, of silica, in which the felspathic crystals, 
more or less voluminous, assume their natural form. ‘The variety of 
their mineralogical characters, the admirable polish which can be 
given to them, which renders them eminently useful for ornamentation, 
give to the porphyries an artistic and industrial importance, which 
would be greatly enhanced if the difficulty of working the hard material 
did not render the price so high. 

The porphyries, taken apart, present, as we have said, a paste 
essentially composed of compact felspar, in which the orthoclose 
erystals—that is, felspar with a potash base—arrange themselves, some- 
times with great regularity, and in well-developed designs, Alongside 
these orthoclose crystals, quartz is frequently implanted, sometimes in 
globules, sometimes in crystals, terminating at both ends in twelve 
equal-sided pentagons, To these elements add micaschist of a 
chloritons appearance, Finally, the name of quartziferous porphyry 
is reserved for those which present siliceous crystals; the other 
varieties are simply named porphyry. 

‘The porphyries possess various degrees of hardness and compactness. 
When a fine dark-red colour, which contrasts well with the white of 
the felspar, is united with hardness, a magnificent stone is the result, 
susceptible of taking a polish, and fit for any kind of ornamental work ; 
for the decoration of buildings, for the construction of vases, or for 
columns. he red porphyry of Egypt, called antique, was particularly 
sought after by the ancients, who made sepulchres, baths, and obelisks 
of it, ‘The grandest mass of this porphyry which exists is the obelisk 
of Sextus V. at Rome. In the Musée du Louvre at Paris some mag- 
nificent basins and statues made of the same stone may be seen. 
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In spite of its compact form, porphyry disintegrates like other 
Tocks when exposed to air and water. One of the sphinxes transported 
from Egypt to Paris, being accidentally placed under the waterspouts of 
the Louvre, was not slow to exhibit marks of exfoliation, while it had 
remained sound for ages under the climate of Egypt. In our country 
and eyen in France, where the climate is so much drier, the por- 
phyries are frequently decomposed so as not to be recognizable. Tho 
rocks crop ont in various parts of France, but they are only abundant 
‘in the north-east part of the central platean, and in some parts of the 
south. They form mountains of a conical form, presenting nearly 
always considerable depressions on their flanks. In the Vosges they 
attain the height of from 3,000 to 4,500 feet. 


‘The Serpentine rocks-are a compound diallage, garnet, chlorite, 
orydulons iron and chromate of iron, forming compact tale, which owe 
their fatty and unetuons structure to the silicate of magnesia, Their 
soft character permits of their being tarned and fashioned into vases of 
varions forms. Even stoves are constructed of this substance, which 
bear the fire. The serpentine quarried on the banks of Lake Como, 
which bears the name of olaves, or pot-stone, is excellently adapted for 
this purpose. Serpentine shows itself in the Vosges, in the Limonsin, 
in the Lyonnais, and in the Var: it occupies an immense surface in 
the Alps, as well as in the Apennines, Mona marble is an example of 
serpentine, and the Lizard Point, Cornwall, is a mass of it. A portion 
of the stratified rocks of Tuscany, and also those of the Island of 
Elba, bave been upheaved anil overtnmned by its eruptions. 


In the British Islands the Piutonie rocks are extonsively developed 
in Scotland, where the Lower Cambrian and Silurian rocks of gneissic 
character, with quartz rock at the base, associated here and there with 
great bosses of granite and syenite, in which hornblende prevails, form 
by fur the greater partof the region known as the Highlands. In the 
Tale of Arran a vust mass of coarse-grained granite protrudes through 
the achiste of the north part of the island, while in the southern part 
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@ finer-grained granite and yeins of porphyry and course-grained 
granite have penetrated the schists. In Devonshire and Cornwall 
there are four great bosses of granite: in the southern parts of Corn- 
wall the mineral axis is defined by a line drawn through the centre of 
the several bosses from north-east to east; but in the north of Cornwall, 
and extending into Devonshire, it strikes nearly east and west. The 
great granite mass in Cormwall lies on the moors north of St. Austell, 
and indicates the existence of more than one disturbing force, ‘* There 
was an elevating force,” says Professor Sedgwick, “ protruding the 
St. Anstell granite; and if I interpret the phenomenon correctly, 
there was a contemporaneous elevating force acting from the south, 
and between these two forces, the beds spread over the surface between 
St. Austell and the Dodman and Nazehead, now broken, contorted, 
and thrown into their present disturbed position, affecting, I believe, 
the whole transverse section from the headlands near Fowey to those 
south of Padstow.” ‘This great granite axis was upheaved in a line 
commencing at the west end of Cornwall, rising through the slate 
rocks of the older Devonian group; continuing’in association with 
thom as far as the boss north of St. Austell, produeing much confusion in 
the stratified masses; the granite mass between St. Clear and Camelford 
rose between the Petherwin and Plymouth group; lastly, the Dartmoor 
gtanite rose, partially moving the adjacent slates in such » manner 
that its north end abuts against and tilts up the base of the calm 
trough, mineralizing the great culm limestone, while on the south it 
does the same to the base of the Plymouth slates. These facts prove 
that the granite of Dartmoor, which was formerly thought to be the 
most ancient of the Platonic rocks, is of a date subsequent to the 
Culm measures of Devonshire, which are regarded as of the trne car 
boniferous series. 





TRACHYTIC FORMATIONS. 


Vouoanic Exvrrions. 

Considered as a whole, the yoleanic masses may be grouped into 
three distinct formations, of which we shall speak in the following 
order, namely, 1. Trachylic ; 2. Basaltic; 3. Lava formations, which 
is that of their relative antiquity. 


Tracayyc Formations. 


Trachyte, derived from tpayus, rough, belongs to the class of 
yoleanic rocks, havinga coarse, cellular appearance, and forming a rough 
and gritty paste. The eruptions of trachyte seem to hive occurred 
towanis the middle of the tertiary period, and to have continued up to 
the close of that epoch. They present considerable analogy in 













































































































































































































































































Fig. 9.—A peak of the Cantal chal 


The Cantal group is a series of irregular cones, arched and hollowed 
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out at its centre, with a basa nearly cirenlar, which oceupies @ sy 

of nearly fifteen leagues in diameter. ‘The trachytie portion 
group occupies the centre, and is composed of high 

ported by spurs, which gradually decrease in height, t 

plateaux, more or less inclined to the neighbouring country. Tl 
central mountains attain a height varying between 3,300 and 5,5 
feet above the level of the sea. A variety of trachyte, called pho 

or clinkstone, remarkable for its tendeney to foliation, with 

usual proportion of felspar, or, according to Gmolin, folspar § 
mesotype, forms the steep trachytic escarpments at the 

which encloses ‘the principal valleys with its abrapt peaks, givi 
remarkably picturesque appearance to the landscape. In the accom= 
panying engraving, the slaty, foliaceous character of the phonolite is 
well represented in one of the peaks of the Cantal group. The Pié 
de Lancy, represented on the opposite page, representing the so-called 
gold mountains of Auvergne, gives on excellent idea of the general 
appearance of the trachytic mountains. ‘The group, of which Mont — 
D’Ores is the central cone, occupies a space nearly circular, of five 
leagues in diameter. The massive trachytic rock, of which — 
mountainous imea is chiefly formed, is of the mean thickness of 


Sectues woot tie ts Gena te ue; Gn | 
primitive plateau of about 3,000 yards in height, ‘Torn and parcelled 
out by deep valleys, the viscous mass was gradually upheaved, until in 
the peak of Lancy (Px. ILL.) it attained the height of 6,120 feeb, 

Upon the same plateau with Mont D’Ores, and abont seven mil 
north of its last slopes, the frachytic formation is repented in 
rounded domes, one of them well known: those of Le»Puy, of th 
Sareoucy, of the Ulierzou, and of the Petit Suchet. The rock takes 
peculiar physiognomy, from the argillaccous domite which is found — 
here, Le Puy presents another fine and vory striking example of the 
eruptive trachytic rock. 

The chain of the Velay forms a zone, composed of independent 
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plateaux and peaks, which forms upon the horizon a long and 
strangely intersected ridge. The nakedness of the mountains, their 
forms—pointed or rounded, sometimes terminating in scarped plateaux 
—give to the whole landscape an outline at once picturesque and 
characteristic, of which the peak of Mesenc, which rises 4,750 feet 
above the sea, forms the eulminating point of the chain. ‘The phonolites 
of which it consists have issued from fissures which present themselves 
at a great number of points, ranging from north-north-west to south- 
south-east. 

On the banks of the Rhine, and in Hungary, the trachytic forma- 
tion presents itself in features identical with those which indicate it in 
France. In America it is principally represented by some immense 
cones, superposal on the chain of the Andes ; the colossal Chimborazo 
being one of those trachytie cones, 


Basaurto Formation, 
, Basaltic eruptions seem to have occurred during the sceondary and 
tertiary periods. Basalt, according to Dr. Daubeny, “is composed 
of an intimate mixture of angite with a zeolotic mineral, which appears 
to have been formed out of Labmdorite (felspar of Labrador), with an 
addition of water—the presence of water being in all zeolites the cause 
of that bubbling-up under the blow-pipe to which they owe thoir 
appellation.” M. Delesse, and other mineralogists, are of opinion that 
the idea of augito being the prevailing mineral in basalt must be 
abandoned, although its presence gives the rock its distinctive 
character, a8 compared with trachytic, and most other trap rocks, but 
still their principal clement is felspar. The basaltic lava consists 
essentially of-pyroxene, a combination of augite, diallage, and hypers- 
thime, a black and compact rock which predominates in this formation. 
It contains a smaller quantity of silica than the trachyte, and a larger 
proportion of lime and magnesia. Hence, independent of the iron in 
its composition, it is heavier in proportion as it contains more or less 
silica. Both Tmsilts and tmchyte contain more soda and less silica 
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in their composition than granites: some of the basalts are highly 
fusible ; the alkaline matter and lime in their composition acting as a 
flux to the silica, Basalt exists in well-determined currents, which at- 
tach themselves to craters still apparent, as to the igneous character of 
which there can be no doubt. One of the most striking of the basaltie 
eaters is furnished by that of La Coupe, in the ylleys of the Vivarais, 
in the south of France, represented on the opposite page (Px. IV.) 
Upon the flank of this mountain, the traces left by the current of 
liquefied basalt are still seen at the foot of the mountain, occupying the 
bottom of a narrow valley, except at those places where the river 
Volant has cnt away portions of the lava; the whole resting on a region 
of gneiss. Basaltic eruptions sometimes form plateau, as represented 
in Fig. 10, whero the process of formation is shown theoretically, and 
in a manner which renders further explanation unnecessary,” Many of 
‘these basaltic table-lands form plateaux of very considerable extent 
and thickness; others form fragments of the same, more or less dis- 
located ; others, again, present themselves in isolated knolls, far removed 





‘Fig, 10, —Theoretie view of » plateau. 


from congenerous formations. In short, basaltic rocks present them- 
selves in veins or dykes, more or less powerful in most countries, of which 
Central France and the banks of the Rhine offer many striking ex- 
amples, ‘These veins present very evident proofs that the matter has 
been introduced from below, and in a manner which could only result 
from injection from the interior of the earth. Such are the proofs 
presented by the basaltic veins of Villeneuve-de-Berg, which terminate 
in slender filaments, sometimes bifurcated, which gradually lose them- 
selves in the rock which they traverse. In several parts of the north 
of Ireland, chalk formations, with flints, are traversed by basaltic 
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dykes, the chalk being conyerted into granular marble near the basalt ; 
the change sometimes extending eight or ten feet from the wall of 
the dyke, and being greatest near the point of contact. In the Island 
of Rathlin, the walls of basalt traverse the chalk in three veins or 
dykes; the central one a foot thick, that on the right twenty feet, and 
on the left thirty-three feet thick, and all, according to Buekland and 
Conybeare, within the breadth pf ninety feet. 

One of the most striking chaructoristica of basalt is its prismatic 
and columnar structure: the lava being homogeneous and of very fine 
grain, the laws which determine the direction of prisms, consolidated 
from a fluid to a solid state, become here very manifest—they are 
supposed to be at right angles with the cooling body. ‘The basaltic 
rocks have been at all times remarkable for the picturesque arrange- 
ment of their parts, ‘They usually represent coldtans of regular prisms, 
having five, six, or seven, and sometimes as many as twelve sides, 
whose disposition is always perpendicular to the cooling surface, and 
divided transversely, as in Fig. 11, ut nearly equal distances like the 
{joints of a wall, composed of regularly arranged equal-sided pieces braced 
together, and frequently 
extending over a space 
more or less considerable, 
placed generally in the 
form of an amphitheatre. 
‘The name of Giant's Canse- 
way has been given from 
time immemorial to these 
‘enrious dispositions of the 
basalte, In France, in 
the Vivarais, and in the Velay, are many such basaltic causeways. 
‘That of which Fig. 12 is a sketch lies on the banks of the small river 
Volant, in the department of the Ardiche, Treland has always been 
celebrated for its Giant’ Causeway, which extends over the whole of 
the northern part of Antrim, covering all the pre-existing strata of 

_ chalk, greensind and Permian formation ; the prismatic columns ex- 





‘Fig, 11.—Basalt fn prismatic ostomns 
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tend for miles along the cliffs, projecting into the sea at the point 
particularly designated the Giant's Causeway. 


‘These columnar formations vary considerably in length and diameter. 
McCulloch mentions some in Skye, which “are about four hundred 
feet high, while others in Morven do not execed an inch (vol. ii. pe 137). 
Tn diameter those of Ailsa Crag measure nine feet, and those of 
Morven an inch or less.” ‘The Grotto of Fingal, in the Isle of Staffa, 
is renowned among basaltic rocks, although it was searcely known on 
the mainland a century ago, when Sir Joseph Banks heard of it acci~ 
dentally, and was the first to visit and describe it. Fingal’s Cave has 
been hollowed out by the waves through a gallery of immense pris 
matic columns of trap, which are continually beat by the waves, ‘The 
columns aré usually upright, but sometimes curved and slightly 
inclined. Fig, 18 represents another aspect of the Staffa formation. 

Grottos ure sometimes formed by basaltic eruptions on land, followed 
by their separation into regular columns. ‘The Grotto of Cheeses, 
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between Treyes and Coblentz, is a remarkable example of this kind, 
being so called because its columns are formed of round pieces super- 


‘Fig, 13—Trapplan groito of Staty—extertor, 


posed on each other in such a manner as to resemble a pile of that 
product of the dairy, 

Tf we consider that in the basaltic table lands the lower part is 
coupaet, often divided into prismatic columns, and the upper part 
porous, cellular, scoriated, and irregularly divided—that the points of 
separation on which they rest are small beds presenting fragments of 
the porons stony concretions known under the name of Lapilli—that 
the lower portion of these masses present a multitude of points which 
penetrate into the rocks on which they repose, which denotes that 
some fluid matter had moulded itself into its crevices—that the neigh- 
bearing rocks are often calcined to a considerable thickness, and the 
végotable remains they contain carbonized—no doubt can exist as to 
the igneons origin of basaltic rocks. On examining certain crevices, 
the fluid fault is observed to have extended itself, flooding, as it were, 
the horizontal surface of the soil, otherwise it could not have taken the 
uuniform surface and constant thickness in which it generally exhibits 
iteelf. : 

r¥2 
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Layio Foxaations. 

The Zavic formation comprehends at once the extinct and active 
volcanoes. “I'he term,” says Lyell, “has a somewhat vague significa~ 
tion, having been applied to all melted matter observed to flow in 
streams from volcanic vents. When this matter consolidates in the 
open air, the upper part is usually seoriaceous, and the mass becomes 
more und more stony as we descend, or in proportion as it has con- 
solidated more slowly and under greater pressure.” 

‘The earliest volcanic regions in France are those situated in the 
ancient province of Auyergne, of the Cantal, the Velay, and the Viva- 
rais, but principally those of about: fifty voleanic cones of the height 
of from seven hundred to » thousand feet, composed of scoria and 
pozzuoluna, arranged upon a granite plateau which overlooks the eity of 
Clermont-Ferrand, and which seem to have been produced in eonse- 
quence of a longitudinal fracture in the terrestrial crust running from 
north to south, It is the chain of Le Puys, of nearly twenty miles in 
length. By its cellular and porous structure, which is also granulated 
and crystalline, the lava from these feldspathic or. pyroxenic voleanoes 
is readily distinguished from the analogous lava which proceeds from 
the basaltic.or trachytic formations. heir surface is irregular, and 
bristles with asperities, formed by heaped-up angular blocks, 

‘The volcanoes of the chain of Le Puys, represented on the opposite 
page (Px. V.), are so perfectly preserved, their lava is so frequently 
superposed on basaltic castings, and presents a composition and texture 
so distinct, that there is no difficulty in estwblishing the fact that they 
are posterior to the basaltic formation, and of a recent period. Never- 
theless, they do not appear to belong to the historic ages, for no 
tradition attests their eruption, Lyell places these eruptions in the 
Lower Miocene period, and their greatest activity in the Upper Miocene 
and Pliocene eras, ‘Extinct quadrupeds of those eras,” he says, 
“belonging to the genera mastodon, rhinoceros and others, were buried 
in ashes and beds of allavial sand and gravel, which owe their presery- 
ation to overspreading sheets of lava.” 
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Everything whieh concerns voleanoes is explainable on the theory 
we have already indicated, of fractures in the solid erust resulting 
from its cooling. The several phenomena which existing voleanoes 
present to us are, as Humboldt has said, “ the result of the reaction of 
the internal fluid nucleus of our planet upon the exterior crust.” We 
designate as volcanic all conduits which establish a permanent eom- 
munication between the interior of the earth and its surface—a eonduit 
which gives passage at intervals to eruptions of lavie matter or lava, 
and in Fig. 14 we have represented in an ideal section the theory of 
yoleanic eruptions. The volcanoes on tho surface of the*globe known 


Fig. 14—Section of # waleanw in action. 


to be in an occasional state of ignition number about three hundred, 
and these may be divided into two groups: the isolated orcentral, and 
the yolcano’s which belong to a series. 
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The first are active volcanoes, around which there may be esta- 
blished secondary eruptive mouths, but always in connection with 
some principal crater, The second may be disposed like the chimneys 
of a forge along clefts which extend themselves over a considerable 
space. Twenty, thirty, and even a greater number of voleanic cones 
may rise above one such rent in the terrestrial crust, the direction of 
which will be indicated by their linear course. Sometimes the rent 
occurs on the crest of a dislocated chain of elevated mountains, as, for 
example, in the chain of the Andes, in South America, and of the 
remarkable mnge of voleanoes near Quito. Darwin relates that on the 
19th of March, 1835, his attention was called to something like a 
largo star, which gradually increased in size till about 3 o'clock, when 
it presented a very magnificent spectacle, Dy the aid of a glass, dark 
objects, thrown up and falling down in constant succession, were seen 
in the midst of a glare of red light, sufficient to cast a very bright 
teflection on the water: it was the voleano of Osorno in action. Mr. 
Darwin was afterwards assured that Aconcagua, in Chili, 480 miles to 
the north, was in action on the same night, and that the great erap- 
tion of Cosegnina, 2700 miles to the north, accompanied by an earth- 
qnake felt over a thousand miles, occurred within six hours; and yet 
Coseguina had been dormant for six-and-twenty years, and Aconcagua 
rarely shows signs of action. 

On the sea, the series of volcanoes show themselves in groups of 
islands disposed in longitudinal series. 

Among these may be ranged tho volcanic series of Sonde, which, 
according to the report of the matter ejected, and the violence of the 
eruptions, seem to be among the most remarkable on the globe; the 
series of the Moluccas and of the Philippines ; those of Japan; of the 
Marianne Islands ; of Chili, of the double series of volcanic summits 
near Quito, those of the Antilles, of Guatemala, and of Mexico, 

Among the central, or isolated volcanoes, we may rank the Lipari 
Islands, which have Stromboli, in permanent activity, for their centre; 
Mount Etna, Vesuvius, the volcanoes of the Azores, of the Canaries, of 
the Cape de Verde Islands, of the Gallapagos, the Sandwich Tslands, 
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the Marquesas, the Society Islands, the Friendly Islands, Bourbon, 
and, finally, Ararat. 

‘The mouths of the volcanic chimneys are almost always placed near 
the summit of a conical mountain, more or less isolated: they nsually 
consist of an opening in the form of a funnel, which is called the 
eraler, which descends into the interior of the chimney. But in the 
course of ages the crater has been extended and enlarged, until, in 
some of the older volcanoes, it has attained incredible dimensions, In 
1822, the crater of Vesuvius was two thousand feet deep, and of a 
yery considerable circumference, The crater of Kelanea, in the Sand- 
wich group, is an immense chasm, a thousand fect deep, and its outer 
circle no less than from two to three miles in diameter, in which lava 


Pig. 16,—Risisting crater of Vesuvius, 


is usnally seen, Mr. Dana tells us, to boil up at the bottom of a lake, 
the level of which varies continually according to the active or quies~ 
cent state of the voleano, ‘The cone which supports these craters is 
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composed for the most part of lava, the products of ejection, which is 
designated the cone of ejection or scorie, Some volcanoes consist only 
ofa cone of seorie. Such is the Barren’ Isle, in the Bay of Bengal. 
Others, on the contrary, present a cone of small dimensions compared 
to the height of the volcanic chain. ‘The new crater of Vesuvius, 
represented in Fig. 15, was produced in 1829, within ‘the old crater, 
But the frequency and intensity of the eruptions bear no proportions 
to the dimensions of the volcanic mountain, ‘The eruption is usually 
announced by a subterranean noise, accompanied by shocks, quivering 
of the soil, and sometimes by real shocks of an earthquake, These noises 
which usually proceed from a great depth, make themselves heard 
sometimes over a great extent of country, recembling a well-sustained 
fire of artillery, accompanied by the rattle of musketry. Sometimes it 
resembles the heavy rolling of underground thunder, and erevices am 


Fig, 16—Fissures near Locarno. 


frequently produced during the eruptions, extending over a considerable 
madins, as represented in the accompanying engraving of the fissures of 
Locarno (Fig. 16), where they present a singular appearance; the elafts 
extending from a centre in all directions, not unlike the star in # 
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broken square of glass, The eraption begins by a shock which shakes 
the whole interior of the mountain: masses of vapour and fluids begin 
to ascend, revealing themselves in some cases by the melting of the snow 
upon the sides of the cone of ejection ; at the same moment when the 
final shock triumphs over the last resistance offered by the solid 
crust, a considerable body of gas and watery vapour rises from the 
mouth of the crater. 

The steam, it is important to remark, is essentially the eanse of the 
terrible mechanical effects which generally accompany volcanic erup- 
tions, Granite, porphyries, trachytes, and sometimes even basaltic 
‘matter, have reached the surface without producing any of those violent 
explosions, or ejections of rocks and stones which usually accompany 
modern yoleanic eruptions : the older substances were discharged with- 
out violence, because steam did not accompany them, which explains 
sufficiently the comparative calm which attended the ancient as com- 
pared with the modern eruptions, Well-established scientific observa- 
tions enable us to explain the cause of the tremendous mechanical 
effects which attend modem volcanic eruptions. 

Tn the first moments of a volcanic crisis, the accumulated masses of 
stones and ashes which cover the crater are projected into the air by 
the suddenly and powerfully developed elasticity of the steam. ‘This 
steam, which has been disengaged by the heat of the fluid lava, 
assumes the form of great round bubbles, which are ejected into the 
air to a great height above the crater, where they expand in all direc- 
tions, in clouds of dazzling whiteness; assuming that appearance 
which Pliny the Younger compares to a stone-pine rising over 
Vesuvius, The masses of clouds finally condense and. follow the 
direction of the wind. 

‘These voleanie clouds are grey or black, according to the quantity 
of ashes, that is, of the pulveralont matter, mixed with watery vapour, 
which they convey. In some eruptions, it has been remarked that these 
clonds, descending to the surface of the soil, spread all round an odour of 
hydrochloric acid or sulphur, and traces of both these acids are found 
in the rain which proceeds from the condensation of these clouds. 
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The condensed clouds of vapour which issue from the volcanoes are 
streaked with lightning, and followed by continnous peals of thunder = in 
condensing, they throw off disastrous showers, which sweep the sides of 
the mountain. Many eruptions, known as mud voleanoes and watery 
voleanoes, are nothing more than these heavy rains, bringing down 
with them showers of ashes, stones, and scoriw, more or less mixed 
with water. 

Passing on to the phenomena of which the crater is the scene, it is 
stated that, at first, there is an alternate movement of ascension and 
depression of the lava which fills the interior of the crater. This in- 
cessant movement is often interrupted by violent explosions of gas. 
‘The crater of Kelauea, in the Island of Hawaii, contains a lake of 
molten matter sixteen hundred fect broad. ‘This lake is subject to this 
double movement of elevation and depression. Each of the vapoury 
bubbles which issue from the crater presses the molten lava upwards, 
till it rises and bursts with great force at the surface. A portion of the 
Java, half-cooled and reduced to scorize, is thus projected upwards, and 
the several fragments are darted violently in all directions, like those 
of a shell when it bursts, 

. The greater number of the fragments being thrown vertically into 
the air, they fall back into the crater. Many accumulating on the 
edge of the opening add more and more to the height of the cone of 
eruption. The lighter and smaller fragments, as well as the finer 
ashes, are drawn upwards by the spiral vapours and carried by the 
winds over an extent of country sometimes quite ineredible, 

In 1794 the ashes from Vesuvius were carried as far as the bottom 
of Calabria. In 18]2 the volcanic ashes of Saint Vincent, in the 
Antilles, were carried to the east of Barbadoes, spreading such 
obscurity over the island that in open day passengers could scarcely 
see their way. Finally, vast masses of lava, mixed with  scorim, 
ashes, and vapour, are projected into the air during an eruption, where 
centrifugal force unites them in the rounded shape in which they 
are called voleanie bombs. 

We have said that the lava, which in a fluid state fills the crater 
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and the interior of the voleanie chimney, is forced upwards by the 
gases and the steam which have been generated from the water, mixed 
with the laya. In some cases the mechanical force of this compound 
‘Yapour is immense, throwing clouds of vapour, stones, and lava to an 
immense height above the crater; while the great body of buming 
Java flows over the edge, or, forcing its way through some vent in the 
wall of the crater, it soon covers the mountain side with the boiling flnid. 
In very lofty volexnoes it is not unnsual for the lava thus to find itself 
a vent near the base of the mountain, through which the fiory torrent 
discharges itself upon the surrounding country, In such cireum- 
stances, the lava cools very rapidly, presents a scaly crast on the sur- 
face, while the vapour escapes, in jets of steam, throngh the interstices. 
But under this superficial crust the lava retains for some time its 
fluid state, cooling slowly in the interior, while the thickening mass 
anoves sluggishly along, clogged in its progress by the wall of débris 
which the burning river drives before. 

‘The rate at which a current of lava moves along depends upon its 
mass, and, of course, upon its degree of fluidity, and that on its 
temperature. . It has been stated that currents of lava have traversed 
more than a thousand yards in an hour; but the rate at which it 
travels on a level plain is usually much smaller, varying, however, 
with its dimensions. The most considerable current of lava from 
Bima had, npon some points, a thickness of thirty-cight yards, and 
the breadth of a geographical mile and a half. The largest lavie 
stream which has been recorded issued from the Skaptor Jokul, in 
Teeland,in 1783. It formed two currents, whose extremities were 
distant twenty leagnes the one from the other, and which from time to 
time presented a breadth of three leagues, and a thickness of 650 feet. 

‘An effect quite peculiar, and which only simulates volcanic activity, 
is observable in localities where the mud volcanoes exist. Volcanoes 
of this class are, for the most part, conical hills of low elevation, with a 
hollow or depression in the centre, and they flow outwardly from the 
centre; the mud being pressed upwards by the gas and steam. The 
temperature of the ejected matter is generally low. The mud, grey- 
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coloured, with the odour of petroleum, is subject to the same alternate 
movement already ascribed to the fluid lava in the voleanoes, properly 
so-called, The gases which act upon this argillaceous fluid mixture of 
salts, gypsum, naphtha, sulphur, sometimes even ammonia, is, habitu- 
ally, carbonated hydrogen and carbonic acid. Everything leads to the 
belief that these compounds proceed, at least in great part, from 
the reaction produced among the various elements of the subsoil, 
under the influence of the water, infiltrated through the bituminons 
clay, complex carbonates, and probubly carbonic acid, from acidulnted 
fountains. M. Fournet saw in Languedoc, near Roujan, traces of 
some of these formations ; and not far from that neighbourhood is the 
bituminous fountain of Gabian. 

‘The mud volcanoes, or salsis, exist in numerous localities, Many are 
found in the neighbourhood of Modena. They are seen in Sicily, 
between Arragona and Gergenti. Pallas observed them in the 
Crimea, in the peninsula of Kertch; in the Isle of Taman. Von 
Humboldt has described and figured agroup of them in the province of 
Carthagena, in South America. Finally, they have been observed in 
the Isle of the ‘Trinity and in Hindostan ; and on the opposite page 
is represented the mud volcano of Turbaco, in the province of Cartha- 
gena (Px. VI.), which is described and figured by Yon Humboldt 
in his ‘ Voyage to the Equatorial Regions of America.’ 

Tn certain countries we find small hillocks of argillaceous forma~ 
tion, resulting from the ancient dejections of mud voleanoes, from whiieh 
the gas and water have been. quite disengaged, and voleanic action has 
long ceased. Sometimes, however, the phenomenon returns and 
resumes its interrupted course with great violence. Slight shocks of 
earthquakes are felt, blocks of dried earth are projected from the 
ancient crater, and new waves of mud flow .over its edge, and spread 
itself over the neighbouring hill. 


Retorning to the ordinary voleanoes. At the conclusion of a lavie 
eruption, when the violence of the voleanie action begins to subside, 
the matter discharged from the crater is confined to the disengagement 
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of the gases, mixed with steam, more or less abundant, which make 
their escape by multitudes of fissures in the soil. 

‘The greater number of volcanoes which have thus become extinct form. 
what are sometimes called solfataras, The sulphuretted hydrogen which 
disengages itself from the fissures of volcanic soil is decomposed on con- 
tact with the air, water being formed by the action of the oxygen of the 
atmosphere, and sulphur deposited in the neighbourhood of the erater, 
and in the fissures of the soil. Such is the origin of the sulphur 
which is gathered at Pozzuoli, near Naples, and in many other similar 
regions ; a substance which plays a most important part in the indus- 
trial occupations of the world, It is from the products of the solfatara 
that sulphuric acid is prepared ; and sulphuric acid becomes the funda- 
mental agent—one of the most powerful elements—of the manufactur- 
ing productions of both worlds. 

‘The last phase of voleanic activity is the disengagement of carbonic 
acid without any increase of temperature. In places where these 
emanations of carbonic acid gas manifest themselves, the phenomena 
may be recognized as the termination of somo ancient volcano, and 
nowhere does the phenomenon exhibit itself in a more remarkable 
fashion than in Auvergne, where a multitude of acidulated fountains, 
that is to say, springs charged with carbonic acid, exist. During the 
time when he was opening the mines of Pontgibaud, M. Fournet had 
to struggle against emanations which sometimes exhibited themselves 
with great explosive power. Jets of water were thrown to great 
distances in the galleries, roaring with the noiso of steam escaping 
from a locomotive steam-engine. The liquid which filled an abandoned 
imine was, on two separate occasions, upheaved with great violence, half 
emptying the pit, while vast volumes of the gas oversprend the whole 
valley, suffocating a horse und a flock of geese, while the miners were 
compelled to fly in all haste at the moment when the gas belched out, 
carrying themselves as upright as possible, to avoid plunging their 
Leads into the carbonic acid gas, which was now occupying the lower 
stratum of the air in the galleries. It represented on a small scale 
the effect of the Grotlo del Cana, which excites such surprise among 

. 
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the ignorant near Naples—passing also for one of the marvels of 
nature all over the world. M. Fournet states that all the minute 
fissures of the motalliferous gneiss, near Clermont, are quite suturated 
with five carbonic acid gas, which rises plentifally from the soil there, 
and in many parts of the surrounding country. The elements of the 
gneiss, with the exception of the quartz, are softened by it; and new 
combinations of the acid with lime, iron, and manganese aro continually 
taking place. In short, long after volcanoes have become extinct, hot 
springs continue to flow in the same area, charged with mineral 
ingredients. 

‘The same facts manifest themselves with even greater intensity in 
Java, in the so-called valley of poison, which is an object of veritable 
terror to the natives. In this renowned valley, the soil is said to be 
covered with skeletons and carcases of tigers, of goats, of stags, of 
birds, and even with human bones, for asphyxia or suffocation, it seems, 
strikes all living things which venture into this desolate place. In 
the same island a stream of sulphurous water, as white as milk, issues 
from the yoleanie mountain of Indienne, on the east coast; and on 
‘ono occasion, as cited by Nozet in the ‘Journal de Geology,’ a great 
body of hot water, charged with sulphuric acid, was discharged from 
the same yolcano, inundating and destroying all the vegetation of a 
large tract of country by its noxious properties. 

It is known that the alkaline waters of Plombitres, in the Vosges, 
have a temperature of 160° Fabr. For 2,000 years, according to 
Daubrée, through beds of concrete, of lime, brick, and sandstone, 
these hot waters have percolated until they have originated calcareous 
spar, arragonite, and fluor spar, with such siliccous minerals as opal, 
which are found among the interstices of the bricks and mortar. From 
these and other similar statements, ‘‘We are led,” says Sir Charles 
Lyell, “to infer that when in the bowels of the earth there are large 
volumes of molten matter, containing heated water, and varions acids, 
under enormous pressure, these subterrancous fluid masses will 
gradually part with their heat by the escape of steam and various 
gases, through fissures producing hot springs, or by the passage of 
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the same through thé pores of the overlying and injected: rocks, 
” he adds, “we ean only study the phenomena as exhibited 
at the surface, it is clear that the gaseous fluids must have made their 
way through the whole thickness of the porous or fissured rocks, which 
intervene between the subterranean reservoirs of gas and the open air. 
‘The extent, therefore, of the earth's crust, which the vapours have 
permeated, and are now permeating, may be thousands of fathoms in 
thickness, and their heating and modifying influence may be spread 
throughont the whole solid mass.” 

‘The fonntains of boiling water, known under the name of Geysers, 
‘are another emanation attaching to ancient craters. They are either 
continnous or intermittent. In Tecland we find- great numbers of these 
gushing sources—in fact, the island is one entire eruptive rock, 


the island from south-west to north-east. It is 

ith immense fissures, and covered with masses of lava, snch 
‘country presents; ‘The volcanic action, in short, goes on 
that eertain paroxysms of Mount Hecla have lasted six 

nl But the Great Geyser, represented on the 

Pt. VII.), is, perhaps, even more an object of enriosity, 
‘projects a column of boiling water, eight yards in 

d with silica, to the height, it has been said, of about 

ng vast quantities of silica as it cools after it reaches 


oes in actual activity are, as we have said, very numerous ; 
are those of Vesuvins, near Naples; of Etna, in Sicily ; 


SS ‘Few persons are ignorant that 
opened, after a period of quiescence extending beyond the memory of 
evn thotc: oe ‘This eruption cost the life of 
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Pliny the Elder, who fell 9 sacrifice to his desire to witness one of 
these most imposing natural phenomena, After many mutations the 
actual crater of Vesnvius consists of a cone, surrounded on the side 
opposite the sea by a semicircular crest, composed of pumiceous 
matter, foreign to the Vesuvius properly spenking, and we believe 
that Mount Vesuvius was primitively the mountain to which the name 
of Somma is now given. The cone which now bears the name was 
probably formed during the celebrated eruption of 79, which buried 
under its avalanches of pulyerulent pumice-stone the cities of Pom- 
peii and Herculaneum. This cone is terminated by a crater, the form 
of which has changed much with time. Tt has, since its origin, vomited 
ejections of a most varied character along with torrents of lava. 
In our days the eruptions of Vesuvius have only been separated by 
intervals of a few years, 

The Lipari Isles, which include the yoleano of Stromboli, are eon- 
tinually in a state of ignition: it forms the natural pharo of the Tyr- 
thenian Sea: such it was when Homer mentioned it, such it was seen 
before old Homer, and such it still appears in ourdays. Its eruptions are 
continuous.# The crater whence they issue is not situated on the sam 
mit of the cone, but upon one of its sides, at nearly two-thirds of its 
height. It is in part filled with fluid lava, which is continually sub- 
jected to clevation and depression—n movement provoked by the ebul- 
lition and ascension of bubbles which mount to the surface, projecting 
upwards tall columns of ashes. During the night, these clonds of 
yapour shine with « magnificent red reflection which lightens up the 
whole isle and surrounding sea with a lurid flame. 

Situated on the western coast of Sicily, Etna appears at first glance 
to have a much more simple structural form than Vesuvius. Its 
slopes are less steep—more uniform on all sides: its vast base nearly 
represents the form of a buckler. The lower portion of Etna, or the 
cultivated region of the mountain, is inclined about three degrees. 
The middle region, or that of the forests, is steeper,and has an inelin- 
ation of about eight degrees. The mountain terminates in a cone of 
an elliptic form, of thirty-two degrees of inclination, which bears in 
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the middle, above a terrace nearly horizontal, the cone of eruption, 
with its circular crater. The crater is ten thousand seven hundred 
fect high. It gives no issue to lava, but only vomits out gas and 
vapour ; while streams of lava issue from sixteen smaller cones which 
have been formed on the slopes of the mountain. The observer may, 
by looking at the summit, convince himself that these cones are dis~ 
posed in rays, and are placed upon clefts or fissures which converge 
towards the crater as towards a centre. 
Ocean, in the Sandwich Islands, and in Jaya. Mounts Loa and Kea, 
in Owyhee, are mere flattened cones, fourteen thousand feet high. 
According to Mr, Dana, these huge, featureless hills sometimes throw 
eat successive streams of lava, not very far below their summits, often 
two miles in breadth and six-and-twenty in length ; and that not from 
‘one vent, but in every direction, from the apex of the cone down slopes 
varying from four to eight degrees of inclination, The lateral emter 
of Kelanea, on the flank of Mount Loa, is from three to four thousand 
feet above the level of the sea—an immense chasm a thousand feet 
deep, and its outer circuit two to three miles in diameter. At tho 
bottom, lava is seen to boil up in'a molten lake, the level of which 
rises oF falls according to the active or quiescent state of the volcano ; 
but in place of overflowing, the column of melted rock, when the 
pressure becomes excessive, forces a passage through subterranean 
eae adtay to the es. ‘One of these outbursts was observed by 
‘Mr. Coan, a missionary, which took place at the ancient wooded crater, 
six miles east of Kelauea. Another indication of subterranean progress 
took place a mile or two beyond this, in which tho fiery flood spread 
itself over fifty acres of land, and then found its way undergrounil for 
several miles further, to reappear at the bottom ‘df a second ancient 
‘wooded crater, which it partly filled uj 
‘The yoleanie mountains of Java constitute the highest peaks of a 
mountain range running through the island from east, to west, on 
which Dr, Junghabn described and mapped forty-six conical emi- 
ences, ranging from four to eleven thousand feet high. ‘At the top 
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of many of the loftiest of these Dr. Junghahn found the active cones 
of small size, and surrounded by a plain of ashes and sand, which he 
calls the “ crater wall,” sometimes exceeding a thousand feet in vertical 
height, and many of the semicircular walls enclosing spaces of four 
geographical miles in diameter. From the highest parts of these 
depressions rivers flow, which, in the course of ages, have eut out deep 
valleys in the mountain’s side. 

To this rapid sketch of the actually existing voleanie phenomena we 
may add a brief view of submarine yoleanoes. If these are known to 
‘us only in small numbers, the circumstance is explained by the fact 
that their appearance, surging from the bosom of the sea, is almost inya- 
tiably followed by their immediate disappearance, more or less com- 
pletely: at the same time, such yery striking and visible phenomena 
demonstrate the power and continued persistence of voleanie action 
beneath the sea basin. At various times islands have suddenly ap- 
peared amid the ocean upon points where the navigator had not before 
observed them. In this manner, we have witnessed the island called 
Graham's Ferdinanda, or Julia, which suddenly appeared on the south- 
west coast of Sicily in 1831, and was swept away by the wayes two 
months afterwards, At several epochs also, and notably in 1811, new 
islands were formed at the Azores, raising themselves above the waves 
by repeated efforts all round the islands, and on many other points. 

‘The island which appeared in 1796, at ten leagues from the northern 
point of Unalaska, one of the Aleutian group, is specially remarkable, 
We first see a column of smoke issuing from the bosom of the ocean, 
afterwards a black point appears, from which bundles of fiery sparks 
seem to rise over the surface of the sea, During the many months 
that*this phenomena continued, the island increased in breadth and in 
height. Ina short time the smoke is no longer seen; at the end of 
four years, this last trace of ,yéleanic convulsion has altogether ceased, 
‘The island continues, nevertheless, to enlarge and to increase in height, 
and in 1806 it formed a cone, surmounted by four smaller ones, 

In the space comprised between the isles of Santorin, Tharasia, and 
Aspronisi, in the Mediterranean, there arose, a hundred and sixty-six 
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years before our era, the island of Hyera, which was enlarged by 
upheaval of islets on its banks during the years 19, 726, and 1427, 
Again, in 1773, Micta-Kameni, and in 1707, Nea-Kameni, appear, 
‘These islands are increased successively in 1709, in 1711, in 1712. 
According to the ancient writers, Santorin, Tharasia, and Aspronisi 
made their appearance many ages before Christ, following an earthi- 
quake of great violence. 








TRANSITION EPOCH. 


Avren the terrible tempests—the grand disturbances of the mineral 
kingdom during tho primitive period— Nature would soem to have col- 
lected herself in sublime silence preparatory to the grand mystery of 
creation—that of living’ beings. 

Daring the primitive epoch the temperature of the earth was much 
too high to permit of the appearance of living beings on its surface. 
The darkness of thickest night concealed the’birth of the world ; the 
atmosphere, in short, was so charged with vapours of various kinds 
that the gun's rays were powerless to pierce its opacity. Upon this 
burning soil, and in this continuous night, organic life could not mani- 
fest itself. “No plant, no animal, then, could exist upon the silent 
earth, and in the seas of the period are deposited only unfossiliferous 
strate. 

Nevertheless, our planet continned to be subjected to a gradual abstrac- 
tion of heat on the one hand, and, on the other, the continuous rains were 
purifying its atmosphere. From this time, then, the sun’s rays, loss 
veiled, could reach its surface with less interruption, and under their 
beneficent influence life soon disclosed itself. ““ Without light,” said the 
‘lustrions Lavoisier, “nature was without life ; it was dead and inani- 
gate. A beneficent God, in apportionaling light, lus spread on the 
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surface of the earth organization, sentiment, and thought.” We begin 
accordingly to see upon the earth—its temperature being nearly thatof 
the equatorial zone—a few plants anda few animals. ‘These first gene- 
rations of life will bé succeeded by others of a higher organization, 
finally culminating in the éreation of man, gifted with the supreme 
attribute we call intelligence. “The word progress, which we think, 
belongs to humanity, and even to modern times,” said Albert Gaudry, 
in a recent public lecture, “ was pronounced by the Creator the day he 
created the first living organism.” 

Did plants appear before animals? We cannot tell; but such 
would appear to have been the order of creation. It is certain that 
in the sediment of the first seas, and in the vestiges which remain to 
us of the first period of organic life, that is to say, in the argillaceous 
schists, and in the grawwackes which cover them, we find at once 
plants and animals, and even animals of advanced organization. But, 
on the other hand, during the greater part of the transition period— 
in particular during the carboniferous age—the plants are very consi- 
derable in number, and the terrestrial animals seareely show them- 
selves: this would lead us to think that the plants preceded animals. 
It may be remarked, besides, that from their cellular nature, their 
looser tissues and composite elements, so readily affected by the air, 
the first plants could be easily destroyed without leaying any material 
vestiges: from which it may be concluded that in these primitive times 
‘an immense number of plants existed of which no traces now remain. 

We have stated that, in the first ages of the world, the waters 
covered great part of its surface, and it is in the waters that we find 
the first appearance of life: in this medium was accomplished the 
grand mystery of creation. When the waters were sufficiently cool to 
permit of organized existence, creation was developed, and exercised 
itself with great energy, for it manifests itself by the appearance of 
numerous and very different species, 

‘The most ancient organic remains belong to the Brachiopode Mol- 
lusks, in particular to the genus Lingula, which still exists in the 
present seas; to the Trilobites, a family of Crustaceans, belonging 
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Tae Srivrtan Penton. 

‘The first period of the transition epoch is the Silurian, a designa- 
tion the origin of which we have already briefly explained, The 
reader may find the nomenclature odd, and even inconvenient, as 
applied to the vast range of rocks which it represents in all parts 
of the Old and New World, but it describes with sufficient exactness 
the region in our own country in which the system predominates— 
reasons which led to the designation being adopted at a time when its 
extent was not suspected. 

On this subject, and on the principles which have gnided geologists 
in their classification of rocks, Professor Sedgwick has some excellent 
remarks in one of his papers in the Journal of the Geological 
Society, ‘In every country,” he says, ‘‘ which is not made out by a 
pre-existing type, the physical groups are fo be determined, and their 
relations established, by its natural sections. Next, by the fossils 
found in the successive groups of rocks ; and, as a matter of fact, the 
natural groups of fossils are generally found to be nearly co-ordinate 
with the physical group, each successive group resulting from certain 
conditions which have modified the distribution of the organic types. 
In the third place comes the collective arrangement of groups into 
systems: the establishment of the Silurian system is an admirable 
example of the whole process. The groups called Caradoc, Wenlock. 
and Ludlow were physical groups determined by natural sections. 
The successive groups of fossils were also determined by sections. 
Then followed a collective view of the whole series, and the establish- 
ment of its nomenclature, in which the wholo system, as well as each 
subordinate group, was defined by a geographical name referring to a 
local type within the limits of Siluria; in this respect adopting the 
principle of grouping and nomenclature applied by W. Smith to our 
secondary rocks. At the same time, the older slate rocks of Wales, 
which are inferior, and lic at the base of the Silurian rocks, were 
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suing them into the deepest abysses, and strangling them in the embmea 
of theirlong arms. The Trilodites, whose wonderful eyes, consisting of 
four hundred spherical facets placed on a horny surface, permitted 
them to see in every direction (Figs. 17 and 18). Add to this a pale 
sun, struggling to penetrate through a denso atmosphere, and yielding 
‘a dim and imperfect light to the first created beings as they left the 
hand of the Creator, with organization often radimentary, but sufli- 
ciently advanced to indicate progress towards a more perfect creation. 
Such is the picture which the artist has attempted to embody. 


Cameras Axp Lowsr Sturran_ 


‘The Silurian rocks have been traced from Cumberland to the Land's 
End, at the southern extremity of the island. ‘They lie at the base of the 
southern Highlands of Scotland, from the North Channel to the North 
Sea, and they range along the entire western coast of that country, 
It is probable that the Silurian seas beat against the hills of Abberley 
and the Malvern range as their most easterly limits. In a westerly 
direction they extended to the sea, where the mountains of Wales—the 
Alps of the great chain—would stand out in bold relief, some of them 
facing the sea, others in detached groups ; some clothed with a stunted 
vegetation, others naked and desolate; all of them wild and picturesque. 
But an interest surpassing all others belongs to these mountains. They 
aro the most ancient sedimentary rocks whieh exist on our globe—a page 
of the book in which is written the history of the antiquities of Groat 
Britam—of the world. 

On the borders of Wales, near Shrewsbury, in a somewhat barren 
region, are the Longmynds, a range of mountains rising some sixteen 
hundred feet above the level of the sea. Deep clefts and fissures, 
ravines and rugged grassy slopes, and insignificant watercourses, cha- 
racterise it; but here lies tha typical region of the Cambrian forme 
tion. ‘The researches of geologists have fuiled to discover traces of 
animal life in the rocks which form the base of the system in England, 
bat greater success has attended their efforts elsewhere, In Ireland, 
where the Cambrian formation acquires considerable development—im 
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the picturesque rocky tract of Bray Head on the coast south and east 
of Dublin—we find in masses unquestionably of the same age as the 
Longmynd rocks, a peculiar zoophyte has been found there, named 
Oidhamia, after its discoverer, by Dr. Forbes. In the eyes of science, 
this fossil represents the first inhabitant of the ocean, which then 
floated over the greater part of the British isles. “In the hard, 
purplish, and schistoze rocks of Bray Head,” says Dr, Kinahan, “as 
well as other parts of Ireland which are recognized as Cambrian rocks, 
markings of a very peculiar character are found. They occur in 
masses, and are recognised as paleozoic or hydrozoic animal assem- 
blages, ‘They have regularity of form, abundant, but. not universal, 
oceurrence in beds, and permanent in character even when the beds 
are at a distance from each other, and dissimilar in chemical and phy- 
sical character.” In the course of his investigations, Dr. Kinaban dis- 
eoyered at least four species of the Oldhamia, which he has 
described and fared, thus placing the fact of their existence in theso 
ancient rocks beyond a doubt. 

‘Other discoveries of organic remains followed. In Shropshire and 
‘Wales three zones of life have been established. Tn rocks of three dif 
ferent ages Graptotites have left the trace of their obscure existence. 
Another fossil characteristic of these ancient rocks is the Zingula, a 
zoophyte with shelled plite. This shell is horny, and slightly calea- 
‘reous; and it has been thought that the covering of the bivalve is 
adapted to the condition of a sea, the bottom of which was com- 
posed of mud and sand, but which contained very little lime. The 
family to which the lingula belongs has left spoils so abundant in the 
Welsh mountains, that Sir R. Murchison has used them to designate 
ee The age of the brachiopodes closes the first Silurian 


ees iesiain beds, which are next in succession to the brachio- 
podes, other animal forms present themselves: thirty different forms 
of animals can be traced in the whole Lower Silurian rocks. They 
amatk, however, ouly a very ephemeral passage over the globe, and soon 
disappear altogether, hey are zoophytes, articulata, and mollusks, 
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The vertebrated animals leave no trace till we approach the ‘upper 
beds of the system, and then the vertebral traces are very unsatis- 
factory ; the most zealous advocates of the presence of fish-bones on 
the Ludlow beds haying doubts of their being such, 

The class of Crustaceans, of which the lobsters, shrimps, and crabs 
of our days are the representatives, was that which was dominant in 
this epoch, so to speak, of rudimentary animal life. ‘Their forms 
were most singulur, und different from all living crustaceans, ‘They 

consisted mainly of the Trilobites, 1 
family which has entirely disappeared, 
but in whose nicely-jointed shell the 
armourer of the middle ages might have 
found all his contrivances anticipated, 
with not a few besides which he has failed 
to discover. They present, in general, 
the form of an oval buckler, composed of 
a series of articulations or rings, as re- 
presented in Fig. 19, the anterior ring 
carrying the eyes, which to have 
been reticulated, like those of some in- 
sects, having the mouth forward, The 
feet were probably numerous and fleshy, 
but no traces of them are preserved, 
Many of these crustaceans could roll 
themselves into balls, like the woodlouse, 
swimming on their backs, and living far 
from the shore, but in shallow water, and 
: in numerous families, 
Pig 19—Oxyula Guctiandt, Netanat Sie, During the middle and later Silurian 
ages, whole rocks wore formed almost 
exclusively of their remains; during the Devowian period they 
seem: to have gradually died out, disappearing altogether in the Car 
Doniferons age. ‘The trilobites are unique as a family, marking with 
certainty the rocks in which they cecur; “and. yet,” says Engh 
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Miller, “how admirably do they exhibit the articulated type of being, 
and illustrate that unity of design which pervades all nature amid its 
endless diversity !" Among other beings which have left their traces 
on the Silurian rocks is Nereites Oumbrensis, a species of annelide, 
whose articulations are very distinctly marked in the ancient 
rocks. 

Besides the trilobites, the different orders of mollusks were nume- 
rously represented in the Silurian seas. Among the Cephalopodes were 
the Gyroceras and Lituites cornu-arietis (Fig, 20), which are formed 
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of two distinct parts, haying the body and head furnished with arms or 
tentacula, and whose living representatives are the nautilus and cuttle- 
fish of every sea. ‘The genus Bellerophon, with many others, repre- 
sented the gasteropodes, which, like snails, crept on the ground by 
means of the fleshy part of its belly. The gasteropodes, with the 
Lamellibranches, of which the oyster is a living type, are intermediate 
Dotween the brachiopodes, whose congeners may still be detected in the 
terebratula of our Highland lochs and bays, and the lingula of the 
southern hemisphere, all cephalopodes, of an obsolete type. The 
lamellibranchiopodes are without the head, and almost entirely desti- 
tute of power of motion. Among the zoophytes we may cite the 
Hemicosmites, of which H. pyreformis may be considered the type 
(Fig. 21). 

‘The rocks of the Lower Silurian age in France are found in Lan- 
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gnedoe, on the coast of Neffiez and of Bedarrieux. They occupy, 
‘also, great part of Brittany. They are found in Bohemia, in Spain, in 
Russia, and in the New World, where the Cambrian slates are exten- 
sively represented by the Laurentian formation in Canada and the 
United States. ‘The caleareous rocks, sandstones, and slaty schists of 
Angers enter into its mineral composition. 
Lavnennian Gnovr, 
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‘Tho so-called fish-bones have been the subject of considerable doubt. 
Between the upper Ludlow rocks opposite the Castle and the next 
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ascending stratum, there occurs a thin bed of soft earthy shale, imme- 
diately over the Ludlow rock of fine, soft, yellowish greenstone : just 
below this a remarkable animal deposit occurs, called the Ludlow bone 
bed, and sometimes the Ludlow well, becanse the bones of small 
animals were sometimes washed out of the open joints of the incum- 
bent rocks, Old Drayton treats these bones as a great marvel :— 


With strange and wondrons tales 

Of all their wondrous things ; and not the least, in Wales, 
Of thot prodigious spring, him noighbouring, as ho foasts, 
‘That little fishes' bones continually doth east. 


‘The poet thus post-dates a great geological discovery in these very 
rocks. 


Above the yellow greenstone, or Downton stone, as it is called, 
organic remains are extensively diffused in the argillaccous strata, 
There is then a lower bone bed, with the exception of a few shells. 
This bed yielded what was supposed to be fragments of fishes’ bones 
and terrestrial plants, being the carliest trace yet found of yertebrated 
life. “They formed,” says Sir R. Murchison, “a band three or four 
inches thick, dwindling to a quarter of an inch, exhibiting, when my 
attention was first directed to it, a matted mass of bony fragments, 
for the most part of small size and very peculiar character: some of 
the fragments were of a mahogany hue, but others of so brilliant a 
‘Diack, that when first discovered the impression was that the bed was 
a heap of broken beetles.” 

‘The fragments thus discovered wero, after examination on the spot, 
supposed to be fishes; but after further investigation, the bulk of them 
were found to be'crustaceans. The icthyic nature of some of them 
was supposed to be established. Professor Owen felt himself justified 
in declaring that the remains of fishes had been found.“ Althongh 
no tmice of a well-ossified vertical column appears,” he infers “that » 
well-developed fish's brain and reproductive system were combined 
with tho cartilaginous backbone.” It may be added, that although 
Professor McCoy has deelared the onchus, or fish’s defence (the prin- 
cipal fragment), to be the portion of a crustacean, Sir R. Murchison is 
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not conyinced of the correctness of the statement. “ Their texture” 
(speaking of their jaws and teeth) “is solid and bony,” he says, “and 
retains the jet-like lustre.” 

Among the remains of this period may also be remarked a greater 
number of trilobites, which then attained their largest development. 
Among others, Calymena Blumeubachii, some Phragmoceras, and 
some Brachiopodes; among them, Pentameras Knighti, Orlhis rustica, 
and some polypids, as Halysites labyrinthica (Fig. 22). 

‘Two crustaceans of a very odd form, and in no respect resembling 
the trilobites, have been discovered in the Silurian rocks of England 


Fig. 23-—Halysites labyrinthica. Fig, 23, —Prerynbius blots. 


and America—the Pterygotus and the Euryplerus (igs. 23 and 24), 
They are supposed to have been the inhabitants of fresh water. ‘They 
were called “Seraphim” by the Scotch quarry-men, from the wing- 
like form and feather-like ornament of the thoravic appendage, the part 
most usually met with. Agassiz recognized their crustacean character, 
and figured them in his ‘ Fossil Fishes of the Old Red Sandstone.” It 
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has also been found in the Downton sandstone and Upper Ludlow 


‘The trilobites, we have alrendy said, were able to roll themselves up 
into a ball, like the woodlouse, doubtless as a means of defence against 
the attack of their enemies. In Fig. 25 one of 
these creatures, Calymene Bowningit, is ropre- 
sented in that form, rolled up on itself. The 
seas were evidently abundantly inhabited at the end 
of the Upper Silurian period,for naturalists have jig. s5—caiymene Bow- 
examined more than 1500 species, animal and "') Pty viet 
vegetable, belonging to the period, and the number of species classi- 
fied and arranged for public inspection round the galleries of the 
Museum of Practical Geology in Jermyn Street cannot be much short 
of that number. 

Among the marine plants which have been found in the rocks corre- 

a4 
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sponding with this sub-period are some species of algw, and others 
belonging to the lycopods —spore-like bodies, which become still 
more abundant in the old red sandstone. Fig. 26 represents some 
examples from the impressions they have left. 


Pig. 26.—Plants ofthe Silurian Kpoch, and 2, Algs, natural se; 3 and 4, Lyeopods, tural 


Silurian rocks of this period are found in the department of Ta 
Manche, of Calvados, and of the Sarthe. In Languedoe, the Silurian 
formation has occupied the attention of Messieurs Graff and Fournét, 
who have traced along the base of the Espinouse, the chloritie schists, | 
green and primordial, surmounted by clay slates, which become more 
and more pure as the distance from the masses of granite/and gneiss 
increases, and the valley of tho Jour is approached. Upon theso beds 
the Silurian system rests, sinking towards the plane under the seconi- 
ary and tertiary formations, In Great Britain—their typical country— | 
they are found enormously developed in the west and south Highlands | 
of Scotland, on the western slopes of the Pemine chain and the 
mountains of Wales, and in the adjoining counties of Shrewsbury—its 
most typical region—and Worcestershire. In Spain, in Germany, on 
the banks of the Rhine, in Bohemia—where, also they are largely 
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Aoyeloped, especially in the neighbourhood of Prague—in Russia, in 
the Oral Mountains especially ; and in America, in the neighbourhood 
of New York,—in all these countries they are more or less abun- 
dant, ‘ 

We may add, as a general characteristic of the Silurian system as 
@ whole, that of all formations it is the most dislocated and disturbed, 
In the countries where it prevails, it only appears as fragments which 
have escaped destruction from the numerons eruptions which have 
traversed it during the first ages of the world. The beds, originally 
horizontal, are sometimes turned up, contorted, folded over, sometimes 
even vertical, as in the slates of Angers, of Llanberis, and the Irleth 
slates, Ale. d'Orbigny found the Silwian beds with their fossils in 
the American Andes, at the height of sixteen thonsund feet above the 
level of the sea, What a vast upheaval of soil must have been required 
to carry these rocks to such a height! 

‘Tn the Silurian period the sea still occupied the earth almost en- 
firely ; ib covered the greater part of Europe: all the space comprised 
between Spain and the Oural Mountains was under water. In France 
only two islands had emerged from the primordialocean, One of them 
formed the granitic rocks of Brittany and La Vendée, the other was 
constituted by the great central plateau, and consisted of the same 
rocks. ‘The north part of Norway, of Sweden, and of Russian Laponia, 
formed a vast continental surface. In America, the emerged lands 
‘were more extensive, An island extended over eighteen degrees of 
Tatitude, now called New Britain. Another island extended for twenty 
degrees of latitude on the coast: of the Pacific, now known as California, 
Utah, and the Oregon territory. In South America, on the Pacific, 
‘Chili formed one elongated island along: the coast. Upon the Atlantic, 
4 portion of Brazil, to the extent of twenty degrees of latitude, 
‘yas raised above the waters. Finally, in the Equatorial regions, 
Guienne formed the later island in the vast ocean which still covared 
all other parts of the New World. 

‘There is, perhaps, no scene of greater geological confusion than that 
presented by the eastern flank of the Pennine chain. A line drawn lon- 


a2 
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gitudinally on about 3° west of Greenwich would include on its western 
side Cross Fell, in Cumberland, and the greater part of the Silurian 
rocks belonging to the Cambrian system, in which the Cambrian and 
Lower Silurian rocks are pretty well established; while the upper 
series are so metamorphosed by eruptive granite and the effects of 
denudation, as to be scarcely recognizable, “With the rare excep- 
tion of a sea-weed and a zoophyte,” says the author of ‘Siluria,’ “not a 
trace of a fossil has been detected in the thousands of feet of strata, 
with interpolated igneous matter, which intervene between the slates af 
Skiddaw and the Coniston limestone, with its overlying flags ; at that 
zone only do we begin to find anything like a fauna: here, judging 
from its fossils, we find representations of the Caradoc and Bala 
rocks,” This much-disturbed district Professor Sedgwick, after several 
years devoted to its study, has attempted to reconstruct, the following 
being a brief summery of his arguments. The region consists of:— 

I. Beds of mud and sandstone, deposited in an ancient sea, appa- 
rently without the calcareous matter necessary to the existence of 
shells and corals, and without any traces of organic forms—these were 
the elements of the Skiddaw slates. 

TI. Plutonic rocks were, for many ages, poured ont among the 
aqueous sedimentary deposits; the beds were broken up and ro 
cemented—plutonic silt and other matter finely comminuted were de 
posited along with the igneous rocks: the process wasagain and again 
repeated, till a deep sea was filled up with a formation many thousands 
of feet thick by the materials forming the middle Cambrian rocks. 

IIL, A period of comparative repose followed, Beds of shell and 
bands of coral were formed upon the more ancient rocks, interrupted 
with beds of sand and mud: processes many times repeated; and 
thns, in a long succession of ages, were the deposits of the upper series 
completed, 

IV. Towards the end of the period, mountain masses and eruptive 
rocks were pushed up through the older deposits, After many reyolu- 
tions, all the divisions of the slate series were upheayed and contorted 
by moyements which did not affect the newer formations, 


> * 
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Y. The conglomerates of the old red sandstone were now spread 
out by the beating of an ancient surf, continued through many ages, 
against the upheaved and broken slates, 

VEL Another period of comparative repose: the coral reefs of the 
mountain limestone, and the whole carboniferons series, were formed, 
but not without many oscillations between the land and sea levels, 

VIL. An age of disruption and violence succeeds, marked by the 
discordant position of the rocks, and by the conglomerate of the new red. 
At the beginning of this period the great north and south “raven 
fault,” which rent off the eastern calcareous mountains from the older 
slates, was formed. Soon afterwards the disruption of the great ‘ Pen- 
nine fault,” which ranges from the foot of Stanmore to the coast of 
North Cumberland, occurred, lifting up the terrace of Cross Fell above 
the plain of the Eden. About the same time some of the north and 
south fissures, which now form the valleys leading into Morecombe Bay, 
may have been formed. 

VIIL The more tranquil period of the new red sandstone now 
dawns, but here our facts fail us on the skirts of the Lake Mountains. 

TX. Thousands of ages rolled away during the secondary and ter- 
tiary periods, in which we can trace no movement. But the powers 
of nature are never still: during this age of apparent repose many a 
fissure may haye started into an open chasm, many a valley been 
scooped ont upon the lines of * fault,” 

X. Close to the historio times we have evidence of new disruptions 
and violence, and of vast changes of level between land and sea, 
Ancient valleys probably opened out anew or extended, and fresh ones 
formed in the changes of the oceanic level. Cracks among the strata 
may now have become open fissures, vertical escarpments formed by 
‘unequal elevations on the lines of fault; and subsidence may haye 
given rise to many of the tarns and lakes of the district, 

Bnch is the picture which ono of our most eminent geologists gives 
as the probable process by which this region has attained its present 

after he had devoted years of study and observation"to its 
‘peculiarities; and his description of one spot applies in its general scope 
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to the whole country. At the close of the Silurian period our island 
home was probably an archipelago, ranging over ten degrees of lati- 
tude, like many of the island groups now found in the great Pacific 
Ocean; the old gneissic hills of the western coast of Scotland, cul- 
minating in the granite range of Ben Nevis, and stretching to the 
southern Grampians, forming the nucleus of one island group; the 
south Highlands of Scotland, ranging from the Lammermoor hills, 
another; the Pennine chain and the Malvern hills, the third, and most 
easterly group; the Shropshire and Welsh mountains, a fourth; and 
Devon and Cornwall stretching far to the south and west. The basis of 
the calenlation being that every spot of this island lying now ata 
lower elevation than eight hundred feet above the sea was under water 
at the close of the Silurian period, except in those instances where 
depression by subsidence has since occurred. 

‘There is, however, another element to be considered, which eannot 
be better stated than in the picturesque language of M. Esquiros, an 
eminent French writer, who has given much attention to British 
geology. ‘The Silurian mountains,” he says, “ruins themselves, 
contain other ruins. In the bosom of the Longmynd rocks geologists 
discover conglomerates of rounded stones which bear no resemblance 
to any rocks now near them. These stones consequently prove the 
existence of rocks more ancient still; they are fragments of other 
mountains, of other shores, perhaps even of continents, broken up, 
destroyed, and crumbled by earlier seas. ‘There is, then, little hope of 
our discovering the origin of life on the globe, since this page of the 
Genesis of the facts has been torn. For some years geologists loved 
to rest their eyes, in this long night of ages, upon an ideal limit 
beyond which plants and animals would begin to appear. Now, this 
line of demarcation between the rocks which are without vestiges of 
organized beings and those which contain fossils is nearly effaced among 
the surrounding ruins. On the horizon of the primitive world we ste 
yaguely indicated a series of other worlds which have altogether disap- 
peared : perhaps it is necessary to resign ourselves to the fact that the 
daywn of life is lost in this silent epoch, where age succeeds age till 
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ty are clothed in the garb of eternity. The river of creation is 
e the Nile, which, as Bossuet says, hides its head. The endless 
bonlations opened up by these and similar considerations led Lyell to 
1, Here Tam almost prepared to believe in the ancient existence of 
» Atlantis of Plato.” 
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DEVONIAN PERIOD. 


Awormer great period in the Farth’s history opens on us—the 
Devonian ; so called because the “Old Red Sandstone” is very dis- 
tinctly traced and of great extent in that county. 


‘The continents deposited during the Devonian period exhibit some 
species of animals and vegetables of a much more complex organ- 
ization than those of the primitive period. We have seen, during the 
Bilurian epoch, life opening, and the first plants appearing, of a very 
simple organization, namely, zoophytes, articulated animals, and 
mollusks, among animals, and alge: and Iyeopodes, among plants, We 
shall see, as the globe grows older, that organization becomes more 
complicated. Vertebrated animals, represented by numerous fishes, 
succeed the zoophites, the articulated trilobites, and the mollusks, Soon 
afterwards, the reptiles appear, then the mammifera and birds; until 
the time comes when man, His supreme and last work, issues from the 
hands of the Creator, to be king of all the earth ;—man, who has for 
tho sign of his superiority, intelligence—that celestial gift, the 
emanation of God, 7 

‘Vast seas, covered with a few islets, form the ideal of the Devonian 
period. Upon the rocks of these islets the mollusks and articulate of 
the period exhibit themselves, as represented on the opposite page (rx,), 
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‘the shore we see a cuirassed fish, of strange form. A 

of shrubs, Asterophyllites coronata, covers one of the 

| with plants nearly herbaceous, resembling mosses, though 

es did not appear till much later. ZEncrinifes and 
‘rocks in the foreground on the left hand. 

station is still humble in its development, for forest-trees 

ng. ‘The asterophyllites rise singly to a consider~ 


mre some idea, would ‘be the chief vegetation but 
of the softness of their tissues, their want of con- 


‘we pass from the Thallogens, to which the Alga 


te Geos of ta leaves minute circular cases, which form the 
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receptacles of their spore-like seeds. “Tf we stand,” says Hugh 
Miller, ‘‘on the outer edge of one of those iron-bound shores of the 


1 
Fig 27-—Planta of the Devonian Epoch. 1, Algn; 4 Zostera; 8, Psilophyton, natural eee. 


Western Highlands, where rock and skerries are crowned with sea- 
weols; the long cylindrical lines of chordajilium, many feet in 
length, lying aslant in the tideway; long shaggy bunches of Fucus 
serratus and F. nodosus droop from the sides of the rock; the flat 
ledges bristling with the stiff, cartilaginous, many-cleft fronds of at 
least two species of Chondrus; now, in the thickly-spread fueoids of 
this highland scene we have a not very improbable representation 
of the Thallogen vegetation. If we add to this rocky tract, 20 
rich in fucoids, a submarine meadow of pale shelly sund, eovered by a 
deep-green swathe of Zosterii, with jointed root and slim flowers, 
unfurnished with petals, it would be more representative still.” 

Let ns now take a glance at the animals belonging to this period, 

‘The class of fishes seem to have held the first rank and importance 





. DEVONTAN PERIOD. oT 


in the Deyonian fauna; but their structure was very different from 
those of recent times: they were provided with a sort of cuimss, and 
thence were called Ganoids, or cuirassed fishes. Numerous fragments 
of Pterichthys cornutus are now found in geological collections : it is a 
fish of strange form, completely covered with a cuirass of many 
pieces, with a small head, and furnished with wing-like fins, 

Let any one picture to himself the surprise he would feel should 
he, on taking his first lesson in geology, and on breaking his first 
stone—a pebble, for instance, exhibiting every external sign of a 
water-worn surfaco—find, to appropriate Archdeacon Paley’s illustra- 
tion,a watch, or any other delicate piece of mechanism, in its centre, Now 
this, thirty years ago, would not be more likely to excite surprise than 
what happened to Hugh Miller, on the first days of his appearance in 
the sandstone quarry of Cromarty. He was at work on the side of a 
hill on that stormy coast, a hundred feet below tho surface. He had 
turned out a large flag, which a blow from his hammer laid in two, 
and behold! an exquisitely-modelled ammonite was displayed before 
him. It is not surprising that henceforth the half mason, half sailor, 
altogether post, became a geologist. He sought for information, and 
found it; he found that the rocks among which he laboured swarmed 
with the relies of former age. He pursued his investigations, and 
found while working in this strata, all around the coast, that a certain 
class of fossils abounded; but if he worked in a higher zone, these 
familiar forms disappeared, and others made their appearance. 

He read and learned that in other lands—lands of more recent form- 
ation—strange forms of animal life had been discovered ;—forms 
whieh in their turn had disappeared, to be succeeded by others, more 
“in accordance with beings now living. He came to know that he was 
‘surrounded, in his native mountains, by the sedimentary deposit of other 
mountains; he became alive to the fact that these grand mountain 
‘ranges had been built up grain by grain, until the-ocean was filled up, 
and the mountains raised to their present level, by upheaval of one part 
or subsidence of another. ‘The young geologist now ceased to wonder 
‘that each bed, or series of beds, should contain in its bosom records of 
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its own epoch; it seemed to him as if it had been the object of the 
Creator to furnish the inquirer with records of His wisdom and power, 
which could not be misinterpreted. 

Among the fishes of the Devonian seas, the Coocasteus, 1, was only 
partially cuirassed ; the upper part of the body down to the fins was 
defended by scales, Pteriehthys, 2, a strange form, with jointed arms, 
like paddles, and a mouth placed far behind the nose, on the lower 
part of the body, was entirely covered with scales. The Cephalaspis, 3, 
which has a considernble resemblance to fishes of the present age, was 
nevertheless protected only on the anterior part of the body. 


Fig. Wises ofthe Devonian epoch, 1 Coeastes,onethint natal stn 2, Pech, 
fe ‘one-fvarth natal sss} 9, Ophalpl, une fourth malar sae 


Other fishes present themselves without any such cuirass, properly 80 
called, but still with strong resisting scales, which envelop the whole 
body. Such were the Acanthoides, 1, the Olimatius, 2, and the Diplo- 
candhus, 3, represented in Fig. 29. 

Among the organic beings of the period we find yermiform animals, 
such as Annelides tubieola, protected by an external shell, which now 
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appears for the first time, and which are probably represented by the 
Serpula. Among the crustaceans the Trilobites aro still very 
numerous, especially in the lower rocks of the period, We also find 


Fig. 29 —Flshes of tha Devontan Epoch. 1, Acantholdes; 2, Climatins ; 3, Diplocanthus. 
there many different species of mollusks, among which the Brach- 
topodes form more than one half, We may say of this period that it is 
the reign of brachiopodes: they revel in it with their extraordinary 
forms, and in numbers their species are immense. Among the most 
curious we may instance the enormous Strigocephalus Burtini, David- 
sonia Yerneuilli, Uncites gryphus, and Calceola Sandalina, mollusks of 
most fantastic shape, differing entirely from all known forms, Among 
the most characteristic forms of the first strata Afrypa reticularis 
(Fig. 30) may be mentioned, with Spirifera concentrica, Calymenia 
Sedqwiekit (Fig, 81), and Leptona Murchisoni, In the ascending 
strata also we begin to find Productus subaculatus. Among the 
Cephalopodes, the fine family of the Goniatites, with their congeners, 
theammonites, which charncterise the second epoch, lived also during 
the Devonian period. 
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Among the Radiata of this epoch, the order of the Crinoifles appear 
in the ewrlier formations, ‘The Encrinites, under which namo the 


Fig. 8 —Atrypa reticularis, Pog. 8) —Calymenta Sedgwiekl, 


whole of these animals aro sometimes included, live attached to rocky 
places and on deep banks, with mouth extended, watéhing for their prey, | 
and resembling a small tree of stone. | 

In some of these primitive crinoides 

the forms are of great beauty, and 

voriod with richly graved and ribbed 

capitals, on slender columns, the 

ancient corals being stars of four 

mays or the multiples of four. ‘The 

| i stem which supported the head was 

ly composed of numerous vnrtienle 

i tions, and is supposed to have been 

attached to the rock by a sort of 

root ; but specimens have generally 

been torn up with violence, and in 
consequence the mode of attach 
aaa! ment is not known. Tt is, how 

eyer, owing to this attachment to the rock, and to the faculty the 

animals have of working with their arms and closing them, like the 


2/6 3,4 


. 
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calyx of a flower, that the name of stone lilies is sometimes given 
to them, 

‘The Encrinites, as we have seen, existed among Silurian rocks in 
@ yery simple form, in the Hemicosmites, but they had greatly in- 
ereased in numbers in the Devonian period. They diminish also as 
‘wo rotire from that goological age, until they are now only represented 
by two genera of these animals, whose forms were so numerous and 


Deyowtay Rooxs, 

The Devonian Rocks are composed of schists, of sandstone, and of 
some varieties of limestone. The line of demareation between the 
Silurian rocks and those which succeed thom may be followed in 
many places by the eye; but on a closer examination the exact limits 
of the two systems become more difficult to fix. The beds of the 
one system pass into the other in graduated shades, for nature admits 
of no violent contrasts, and few sudden transitions. By-and-by, how- 
ever, the change becomes yery decided, and the contrast between the 
dark-grey masses lying at the base and the superineumbent masses of 
yollow and red, become sufficiently striking. In fact, the uppermost beds 
of the Silurian rocks are the transition beds of the overlying system, 
consisting of embedded flagstones, occasionally reddish, and called in 
some districts “tile-stones.” Over these lie the Old Red Sandstone 
conglomerate, the Caithness flags, and the great superineumbent mass 
which forms the upper formation of the system. Though loss abrupt 
than the eruptive and Silurian mountains, the Devonian is, nevertho- 
Jess, distinguished by its imposing outline, assuming bold and lofty 
esearpments in the Fans of Brecon, in Grongar Hill, near Carmarthen, 
and in the Black Mount, Monmouthshire, in the centre of a land- 
seape which wood, rock, and river combine to render perfect. But 
it ig in the North of Scotland where the rock assumes its grandest 
aspect, wirpping its mantle round the loftiest mountains, and rising 
ont of the sea in rugged and fantastic masses, as far north as the 
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Orkneys, In Devon and Cornwall, where the rocks are of a slaty, ealea- 
reous, and sometimes schistose charactor, from their frequent proximity 
to igneous intrusive rocks, by which they have been partially metamar- 
phosed, they are sufficiently extensive to have given a name to the 
series, which is recognised all over the world. They are largely 
developed in Herefordshire, Gloucestershire, and iq Shropshire ; and 
at one time, there is evidence, that they formed a belt round the 
Grampians, and filled up the valley lying between these mountains 
and the South Highlands, In short, wherever the Silurian seas beat, 
there is evidence that the Devonian rocks were deposited by its 
surging waters, until it was filled up by its own action, and became 
dry land. It exists in the north, in the west, and in the south of 
France; in Belgium; in Russia; in Spain; and in America, 
The Devonian rocks contain the most ancient combustibles known, 
for such probably are the coal measures of the department of the 
Loire-Inféricure and of Marne-et-Loire, in France, and of the Asturias, 
in Spain, It constitutes the Old Red Sandstone of the earlier 
geologists, 

Sir R. Murchison thinks, however, that the name Devonian, which 
has been applied to it from its extensive development: in that county, ia 
erroneous. No geologist, he thinks, who has examined the Old Red 
Sandstone of the east coast of Scotland would be disposed to consider 
that otherwise than as a local formation, not haying the full equivalents 
of the formation in other countries; and he recommends that ihe 
classical name of Old Red Sandstone should be retained. 


‘We haye said that the Devonian rocks consist of sandstone, schisis 
and limestone: the presence of the two first, sandstone and argil- 
laceous schists, in this formation will surprise no one, but the presence 
of lime may, and requires some explanation, Among the mineral | 
substances of which we have spoken as composing the crust of the 
globe, granite has been mentioned. Now granite is a mixture of the 
silicates of potash, of soda, and of magnesia : it is, then, by the decom 
position of granite, that certain rocks of the Devonian age are formed, & 





Pititcerats ot one gictes Apart, however, from the Silurian and 
‘eyonian rocks, carbonate of lime forms an essential part of its upper 
mta. We may ask what is the origin of this carbonate of lime ? 
‘b proceeds this substance which exists in such quantities in the 


The fractures and dislocations of the crust of the globe were ex- 
frequent in the first ages of the world. It was not alone 
in a fluid state which was ejected through these fissures ; 

in a state of ebullition also escaped, holding in solution bicar- 
‘of lime, mixed sometimes with bicarbonate of magnesia, Tn 
(at, whole rivers of lime-water gushed from the centre of the 





tain large quantities of the carbonate of lime. The same pheno- 

(ma continued with increased power after the Devonian period: we 

all find the calcareous rocks increasing in number and importance 
the geological ages which follow. During the jurassic and cre- 

beous period these deposits will cover immense spaces over the whole 
‘they will form rocks of many Irundreds of yards in thickness— 
‘in short, the Devonian period, which is estimated to be seven 

“eight thousand feet thick. In England the Devonian formation 

4s long thought to be barren of organic remains, 

‘Tn Herefordshire, Worcestershire, Shropshire, and South Wales, it is 
ly developed, and sometimes attains the thickness of from 8,000 
10,000 fest, divided into: 1, Conglomerate; 2. Brown-stone, 
‘eurypteris; 3. Marl and cornstones, with irregular courses of 


I 
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concrete limestone, in which are spines of fish and remains of 
cephalaspis and pleraspis ; 4. Thin, olive-coloured shales and sand- 
stone, intercalated with beds of red marl, containing cephalaspis ani 
auehenaspis. In Scotland, south of the Grampians, a yellow sand- 
stone oceupies the base of the system; conglomerate, red shales, sand- 
stone and cornstones, containing holoptychius‘and cephalaspis, and the 
Arbroath paving stone, containing what Agassiz recognized as a 
huge crustacean, The whole of the North of Scotland, from Cape 
‘Wrath to the southern flank of the Grampians, H. Miller describes as 
consisting of a nucleus of granite, gneiss and other igneous rocks, set 
ina frame of Devonian, 

Some of the phenomena connected with the older rocks of Devon- 
shire are difficult to unravel, The older Devonian, it is now under- 
stood, are the equivalents in another area of the Upper Silurian beds 
themselves, and in Cornwall and Devonshire they lie directly on the 
Silurian strata, while, elsewhere, the fossils of the Upper Silurian are 
almost identical with those in the Devonian beds, Now, although 
the Devonian and old red, if there be a distinction between them, ate 
Doth of dates that come between the Upper Silurian and carboniferons | 
era, it does not follow that they are precisely of the same geological 
age; for, while in South Wales and Shropshire, the old red succeeds 
amd seems to pass into Ludlow beds, in the south-west of England 
the Devonian rocks rest on Lower Silurian strata. This diffieulty of 
drawing a satisfactory line of emareation between different systems is 
sufficient to dispel the idea which has sometimes been entertained thit ") 
special fawna were created and annihilated in the mass at the elose of 
each epoch. There was no close: each epoch silently disappears in 
that which succeeds it, and with it the animals belonging to it, much 
as we have seen them disappear from our own fauna almost in our own 
times, . 


Fig. $2.—Treravlenas Moet 
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To the Devonian succeeds, in the history of our globe, the ear 
boniferons period, in whose bosom was concealed during many long 
‘ages the coal measures, which have done so much,to enrich and civilize 
the world in our own age. This period divides itself into two great 


1, The carboniferous limestone; and 2. The coal 
measures. The first, a period which gave birth to most important 
marine deposits ; the second, to the great conl deposits. ‘The former 
underlies the coal-ficlds in all directions ; in England, in Belgium, in 
Franca, and America. ‘The latter constitutes only a small portion of 

In certain parts of Wales the traveller distinguishes all around him 
mountains of the old red sandstono; but if he wore to examine the 
southern slopes of these mountains, he would see in the distance rocks 
surmounted by masses of rock of another shade, These are the 
transition rocks, as we shall call them, which lie between those of the 
Devonian and carboniferous age; the boundary line between the two 
geological provinces. The carboniferons rocks develop themselves 
With great boldness in the basin of Glamorgan, of Carmarthen, and 
Monmouth, On some coasts they are elevated into cliffs of an aspect 
quite cyclopean, presenting a wild and picturesque barrier to the sea. 
In Derbyshiro, and especially in Ireland, the wayfarer is struck by the 

r2 
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grand features of this new order of ruins. There is, indeed, no 
country in the world in which the system shows itself so rich in pie 
turesqne rocks and so poor in coal as in Treland. 

The limestone mountains which form the base of the coal system, 
attain, according to Mr. Phillips, the thickness of two thousand five 
hundred feet. They are of marine origin, as is apparent by the 
multitude of fossils they contain of zoophites, radiata, cephalopodes 
and fishes, But its chief characteristic is that here, for the first time, 
we find traces of a terrestrial flora, Remains of vegetation now 
become as common as they were rare in all previous formations, 
announcing great incrense of dry land. There was a time when our 
island was a sea of unlimited extent: we now come toa time when it 
was a forest, or, rather, endless group of forests, which cover the sur- 
face of groups of islands thickly studding the sea, 

The monuments of this grand forest epoch discover themselves in 
the rich coal measures of England and Scotland. These give us some 
idea of the rich vestments which covered the nakedness of the earth 
newly risen from the bosom of the waves. Tt was the purdise of ter 
restrial vegetation. ‘The grand Sigillaria, the Stigmaria, and the 
plant especially typical of this age—the arborescent fern—formed the 
woods, which were left to grow undisturbed, for as yet no living mam- 
mifera violated the silent solitude: everything announces a uniformly 
warm, humid temperature, the only climate in which the gigantic 
ferns of the coal-measures could have attained their magnitnde. Tu 
Fig. 34 the reader has a restoration of the arhorescent and herbaceous 
ferns of the period. Conifers have been found of this period with 
concentric rings, whence it has been concluded that seasons existed; 
but these rings are more slightly marked than in existing trees of the 
same family, from which it is reasonable to think that the seasonal 
changes were less marked than they are with us, 

Everything announces that the duration of the carboniferons lime 
stone was of prodigious length. Professor Phillips calculates that, at 
the ordinary rate of progress, it would require 122,400 years to accu 
mulate only sixty feat of coal. English geologists believe, moreovar, 
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Hint tho upper coal-ields, where beds hve been heaped upon beds, for 
ages upon ages, were formed ina condition of comparative tranquillity, 


Fig 2—Perws restoret. 1 aid a, Arborescont ferns; 2 and 4, Herbrecous ferns 


at that the end of this period was marked by violent convulsions—by 
ruptures of the terrestrial crust, whon the masses of coal were broken up, 
. 
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dislocated, and thrown in masses into separate basins, and that upon 
this theatre of ruins, a fourth age of nature—the Permian era—was 
entered on, E 

Coal, then, is the substance of the vegetation of the most remote 
ages of the world, Buried under an enormous thickness of rocks, 
they have been preserved to our days, after being modified in their 
inward nature and in their exterior, Having lost certain of their 
constituents, they have been transformed into a species of carbon, and 
impregnated with bituminous or tarry substances, the ordinary pro- 
net of the slow decomposition of organic matter. 

‘Thus coal, which feeds our manufactures and our furnaces, which is 
the fundamental agent of our productive industry and economy—the 
coal which warms our hearths and furnishes the gas which lights our 
streets and dwellings—is the substance of the plants which formed 
the forests, the grass, and the marshes of the ancient world at a 
period too distent for human chronology to assign a date to it, We 
shall not say with some persons that all in nature was made for man, 
and who thus form for themselves a very imperfect idea of the im- 
mensity of creation. Nor shall we even say that the vegetables of 
the ancient world have lived and multiplied only to prepare for man 
the agents of his economic and industrial occupations ; which woulll le 
presumptuous. Let us rather direct the attention of our readers to the 
powers of science, which can thus, after an intervul of time so proli- 
gions, trace the precise origin, and state with exactness, the genem 
and species of the plants to which these substances belonged, of which 
no identical representatives now remain. 

Let us pause for a moment, and consider the general character 
which belonged to our planct during the carboniferous perio. 
Excessive heat and extreme humidity were then the attributes of its 
atmosphere. The congeners of the species which formed its vegeta- 
tion are now only found under the burning latitudes of the tropies; 
and the enormons dimensions in which we find them in the fossil 
state prove, on the other hand, that the atmosphere was saturated with 
humidity. ‘The intrepid traveller, Dr, Livingstone, who has in onr 

. 
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(ys made such important observations on the interior of Africa, 
Us us that continual rains, added to intense heat, are the climatric 
taracteristic of Equatorial Africa, where the vigorous tufted vegeta 
m_s0 pleases and delights the eye. 

‘The remarkable circumstance is, that this elevated temperature and 
instant humidity does not seem to, have been limited to any one part 
‘the globe: the heat seems to have been the same in all latitudes. 
tom the equatorial regions up to Melville Island, in the Arctic Ocean, 
here in our days the frosts are eternal—from Spitsbergen to. the 
tre of Africa, the carboniferous flora presents an identity. When 
e find almost the sume fossils at Greenland and in Guinea, when the * 
me species, now extinct, are met with under the same degree of deve- 
pment at the equator and the pole, we cannot but admit that at this 
loch the temperature of the globe was alike everywhere, What we 
sweall climate was, then, unknown in geological times. There seems 
(have been only one climate over the whole globe. It was only at » 
ter period, that is, in the tertiary epoch, by the progressive cooling 
\the globo, that the col begun to make itself felt nt the polar extre- 
ities, Whence, then, proceeds this uniformity of temperature whieh 
@ now look upon with so much surprise? | Tt proceeded from the 
(esive heat of tho terrestrial sphere. ‘The earth was still so hot in 
jelf that its innate temperature rendered superfluous and inappreciable 
(e heat which reacKed it from the sun. 

Another circumstance, which is established with much less certainty 
lan the preceding, relates to the chemical composition of the air 
tring the carboniferous period. Seeing the enormous mass of yege- 
tion which then covered the globe, extending from one pole to the 
her; considering, also, the great proportion of carbon and hydrogen 
hich exists in the bituminous matter of coal, it has been thought, 
{d nob without reason, that the atmosphere of the period would be 
ther in carbonic acid than the atmosphere of our days. It has even 
fem thonght that the groat proportion of carbonic acid gas in the 
mosphere was an explanation of the small number of animals, espo- 
(ly serians, which then lived. This, however, is pure deduction, 


—— 
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totally deficient in proof. Nothing proves that the atmosphere of the 
period was richer in carbonic acid than the atmosphere of our days, 
We can then only utter here vague conjectures, and cannot profess with 
any confidence, the opinion, that the atmospheric air of the period eon- 
tained more carbonic acid gas than that which we breathe. What we 
can remark on.with certainty ns a striking characteristic in the vegetation 
of the globe during this phase of its history was the prodigions deve- 
lopment its vegetation assumed. ‘The ferns, which in our days and in 
our climate are only small herbaceous plants, in the carboniferous age 
presented themselves sometimes under a lofty form and port, 

The marshy herbaceous plants with cylindrical stem, hollow, chan- 
neled, and articulated; whose articulations are furnished with a mem- 
branous, dentated shenth, which bears the name of “marestail,” their 
fructification forming a sort of catkin composed of many rings of 
seales, which bear on their lower surface sacs full of spores or seeds— 
these humble Eguisetii, with fluted stem and whorled branches, 
represented during the coal period by herbaceous trees—immense aspa- 
ragus—as it were, of forty to five-and-forty feet high, and four to six 
inches in diameter, their trunks hollowed and channeled longitudinally, 
and divided transversely by the lines of articulation, have been pre 
served: they bear the name of Calamites, The engraving (Fig, $5) 
represents one of these gigantic mares-tails, or calamites, of the opil 
period, restored under the directions of M. Eugene Deslongchamps. 
It is represented with its fronds or leaves, and its organs of fructifi- 
cation, They seem to have grown somewhat after the manner of our 
asparagus, by an underground stem, whence issued at intervals new 
jets, as represented in the engraving, while new buds iswned from 
the ground, as represented. The Lycopods of our age are humble 
plants, rarely exceeding a yard in height, and most commonly creepers; 
but the Lycopodiaces: of the ancient world were trees of eighty to - 
ninety fect in height, It was the Lycopodendrons which filled the 
forests. We present a restoration of one of these giants of the pre 
moval forests, which has been traced by the pencil of M. Eugene 
Deslongehamps, in which this tree is represented with its stem, 





CARBONIFEROUS PERIOD. 121 


branches, its fronds, and organs of frnotification, ‘Their leaves were 
sometimes twenty inches long, and their tranks a yard in diameter. 





abounded in tho fo- Mig. 3-—Catamiverestared, 30 10 4 ee Deh 
rests of the carhoniferons era, and especially in the later portion 
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of it : the tranks of these gigantic trees are represented below, reduced 
respectively to one-fifth and one-tenth the natural size. 


Ce ID) 
lilt 


ae 
Fig 96 —runk of Caamiten One-tsnatural Fig. 87-—Trusle of letra. Che ath lo 
sue, . 


What could be more surprising than the whole of this exuberance of 
exuberant vegetation! _'These immense Sigillarias, which reigned over 
the forest! these Lycopodendrons, with flexible and slender stem! 
these Lomatophylos, which present themselves as herbaceous trees of 
gigantic size, furnished with verdant leaflets! these Calamites, rising 
forty feet high! these elegant arborescent ferns, with sérial foliage, as 
finely shaped and cut as the most delicate lace! Nothing can now 
convey to us an idea of the vast extent of verdure which clothed the 
islands of the sea, from one pole to another, under a burning tem- 
petatare of which the whole terrestrial globe partook. In the 
thickets of these inextricable forests parasite plants were suspended 
from the trunks of the great trees, in tufts or garlands, like the wild 
yines of our tropical forests. They would be nearly all pretty 
forn-like plants—Sphenopteris or Hymenophyllites; they would 
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‘themselves to the stems of the great trees like the orchids and 

B Ciaceas of our times, 

STAR Rte AE Glo esters wos also be covered with vegetation, the 
es light and whorled, belonging perhaps to the dicotyledons, and 

ivided into pairs like Annularias fertilis, the Sphenophyllites and 


frees and the space which they occupied, so fantastic in 
so simple in its organization, must have differed from 


in appearance? No: no flowers yet decorated the 
alll Eternal verdure clothed the 
branches of the forns, the lycopods and equisetii, which formed, in 
he vegetation of the age. The forests presented an innu- 
of individuals, but very few species, and all belong- 
BO eee gyes ot vogsation: no fruit appears, fit for 
nourishment; none would appear to have been on the branches. In 
short, no terrestrial animals yet appear to have existed: animal fe 
was confined to the sea, the vegetable kingdom exclusively occupied 
the land. Probably a few winged insects, some coleoptera, orthoptera 
and neuroptera gave animation to the air, while exhibiting their 
‘yariegated colours. 

Bat for what eyes, we might ask, for whose thoughts, for whose 
wants did these solitary forests grow? For whom these majestie and 
infinite shades? For whom these spectacles? What mysterious 
being contemplated these marvels? A question not to be solved, In 
its presence we are overwhelmed, and our powerless reason is silent; 
its solution rests with Him who said, “ Before the world was I am!” 


Canpowtvenovs Lomstoxg, (Sub-rErtop.) 
‘The yegetation which covered the numerous islands of the earboni- 
ferous sea consisted, then, of ferns, of Equisetacea, of Lyeopodiacem and 
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dicotyledonous Gymnosperms, The Annularia and Sigillarin belong 
to families completely extinct of the last-named class, 

The Annularia were small herbaceous plants which floated on the 
surface of fresh-water Jakes and ponds; their leaves were verticillate, 
that is, arranged in a great number of whorls, at each articulation of 
the stem with the branches, The Sigil/aria were, on the contrary, 
great trees, consisting of a simple trunk, surmounted with a bunch or 
panicle of slender leaves, drooping at the extremity, the bark often 
channeled, and preserving impressions or markings of the old leaves, 
which, from their resemblance to a seal, gave origin to their name, 
sigillum, Fig. 88 represents the bark of one of the Sigillaria, which 
is often met with in coal-mines. 


a We 


Pig, 35—Sigilaita bevigata, One-thied natural size. Fig. 88—Stigmaria. COne-tenti natural site 


The Stigmaria, according to many paleontologists, were eryptogamis, 
of subterranean frvictification: we only know the long roots which 
carry the reproductive organs, which in some cases are as much as 
sixtoon fect long. ‘This was suspected by Brongniart, on botanical 
grounds, to be the roots of Sigillaria, and recent discoveries have con- 
firmed this improssion, Sir Charles Lyell, in company with Dr. 
Dawson, examined several erect Sizilarie in the sea clifis of the South 
Joggins in Nova Scotia, and found that from the lower extremities of 
the trunk they sent out Stigmaria as roots, which divided into four 
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and these again threw out cight continuations, and these again 
d into pairs, 

0 other gigantic trees filled the forests of this period : these were 
lodendron carneatum and Lomatophloyos crassicaule, both be- 
ig to the family of Lycapodincem, which includes in our age only 
small species. The trunk of the Latomophloyos threw ont 
tous branches, which terminated in thick tufts of linear and 
leaves. 

¢ Lepidodendrons, of which there are about forty species known, 
a cylindrical stem or trunk bifurcated in the branches, that is, the 
hes were evolved in pairs, or archotomous. The extremities of 
ranches were terminated by a frnctification in the form of 





Fig. 41—Lepldostrobas variabilis, 


formed of linear scales, to which the name of Lepidostrobus has 
given, Tn many of the coal-fiolds fossil cones have beon found, 





ihe , 
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to which this namo has been given by carlior palmontologists, 
sometimes form a nucleus of concrete balls of clay ironstones, and ar 
well preserved, having a conical axis, surrounded by scales com 
imbricated. ‘The opinion of Brougniart is now generally adop 
that they are the fruit of the Lepidodendron. At Coalbrockdale 
elsewhere these have been found as terminal tips of a branch 
well-characterized Lepidodendron. Both Hooker and Brongniart 


Hig. (2-—Lephtodendron elegans. Fig 43-—Lepldaendron Sterol, 


them with the Iycopods, having cones with similar spores a 
sporangia, like that family. Nevertheless many of these & 

seem to have been sterile, simply terminating in fronds or 

Teaves, Most of them were large trees. One treo of L 

nearly fifty feet long, was found in the Juzrow Colliery, near Neweustle, 
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‘the shale parallel to the plano of stratification. Fragments 
sfound in the same shale indicated, by the size of the rhom- 
‘ears which 





niferous pe- Pig. 44-—Lepidoeutroa Sternberg restored, 40 feet high, 


bin the herbaceous and arboraceous form, 
(ms differ chiefly in some of the details of the leaf Pecop- 
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teris, for instance, have the leaves, once, twice, or thrice pinnated, 
with tho leaflets adhering cither by their whole base or by the centre 
. 


Pa 
Pig. 47 —Lonchopteris Brie. 


only; the midrib running through to the point. Newropleris bas 
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leaves divided like Peoopters, but the midrib does not teach the apex 
of the leaflets, but divides right and left into veins. 

has pinnatifid leaves, like the last, but its leaflets adhere by their 
whole base to the stalk. Lonchopteris has the leayes several times 
pinnatifid, the leaflets more or less united to one another, and the 


veins reticulated. Among the numerous species of the period was 
Sphenopleria artemisiefolia (Fig. 49), of which a magnified leaf is re- 
presented above. Sphenopteris has twice or thrice pinnatifid Ieaves, the 
leaflets narrow at the base, and the veins generally arranged as if they 
ndinted from the base; the leaflets frequently wedge-shaped, The seas 
‘of this epoch included an immense number of zoophytes, nearly four 
hundred species of mollusks, and a few crustaceans and fishes. Among 
the fishes the gents Psammoides and coccasteus, whose massive teeth 
inserted in the palate are suitable for grinding; and the Holoplychius 
and Megatichthys. "The mollusks sre chiefly brachiopodes of great size, 
x 
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‘The Productus attained here ‘great development. Productus Mar- 
tint (Fig. 50), P. semi-retioulatus and P. giganteus, being the 
most remarkable, Some great Spirifers were there, as Spirifer | 


0-—Profuci Mart, Fig 6L—Delvryhon costes, Pig, -—Goaltte eels 
beg ety alam, mee ‘Half nat, size. 7% Nat alee. 


trigonalis, 8. Glaber. Terebratula hastata has been preserved to us 

with the colonred bands which adorn the shell of the living animal. 

The Bellerophons, Gasteropodes, whose shell rolled round symmetri- 

cally upon itself, in some respects resembles the nautilus of our 
present seas, but without its chambered shell, 
were then represented by many species, among 
others by Bellerophon costatus (Fig. 51). Again, 
among the cephalopodes, we find the Orthoceras 
(Fig. 53),-with its narrow and erect dwelling, and 
Goniatitis evolutus (Fig. 62), congener of the 
ammonities, which soon begin to appear in great 
numbers. 

‘The crustaceans are rare in the rocks of the 
carboniferous limestone; the Phillipsia are the last 
of the trilobites, which become extinct in this 
period. As to the zoophytes, they consist chiefly 
of Encrinites and polypii. ‘The Encrinites were 

Nig. 63 —Orthooeras Inerate. represented by the genus Platycrinus and Cyatho- 
crinus. We also have in these rocks some Bryozoanes. 

Among the polypiers of the period, we may include the genus 
Lithostrotion and Lonsdalea, of which L, basadtiforme (Fig. 54), and 
Lonsdalea floriformis (Fig. 55), are the representatives, with Ari- 
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Among the Bryozoares, the genus Fenestrella 
‘To these we may add a group 

will play a very important 

very abundant in the beds 


Pig, $4.—Lithastroton 
‘asatifarmes 


%-—Fomatra of thecal, oboe 
"Meeating tm water, “Hower ian, 


some of the more prominent spocies which in- 
K2 
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habited the seas during the carboniferous age are represented, On the 
right is a tribe of polypiers, with’ feflections of dazzling white: the 
species represented are, nearest the edge, the Lasmocyathus, the 
Cheetitus, and the Pilypora. The mollusk which occupies the ex 
tremity of the elongated, conic and sabre-like tube—an 

seems to prepare the way for the ammonite ; for if this elongated 
shell was rounded and turned round its centre it would approximate to 
the ammonite and nautilus. In the centre of the first plane we have 
Bellerophon huilous, the Nautilus Kowinckii, and » Produchiacwaly 
the numerous spines which surround the shell. 

On the left are other polypiers: the Chonetas at the surface, 
extended and farnished with small spines, and the Cyathophyllum, 
with straight cylindrical stems, some Enerinites, Cyathoerinus and 
Platycrinus, rolled round the trunk of a tree, or with their flexible stem 
floating in the water, Some fishes, Amblypterua, move about in the 
middle of these creatures, the most part of whom are immoyeablly 
attached, like plants, to the rock on which they are rooted. 

Tn addition, this engraving shows us a series of islets, rising above 
the tranquil sea, One of these is oceupied by a forest, in which # 
distant view is presented of the general form of the grand vegetation 
of the period. 


The rocks formed by deposit from the sea during the era of carboni- 
ferous limestone are important, inasmuch as they include coal, though 
in quantities mach smaller than in the succeeding sub-period of the re 
coal deposit. They consist essentially of a compact: limestone, of 8 
greyish, blue, and even black colour, The blow of the hammer 
produces a somewhat fetid odour, which is owing to the decomposed 
organie matter—the modified substance of the mollusks and zoophytes 
—of which it is to so great an extent composed, and whose remains are 
still easily recognised. In the North of England, and many other 
parts of the British Islands, the carboniferous limestone forms, as we 
havo seen, lofty mountain masses, to which the term mountain lime 
stone is sometimes applied. 
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In Derbyshire the formation rises into rugged, lofty, and fantastie- 
shaped mountains, whose summits mingle with the clouds, while its 
Picturesque character appears here, as well as farther north, in the dales 
or valleys, where rich meadows, through which the mountain streams 
force their way, seem to be closed abruptly by masses of rock, rising 
like the grey ruins of some ancient tower; while the base is pierced 
with caverns, and its sides covered with mosses and ferns, for which 
the limestone has a natural affinity. 

‘The formation is metalliferous, and yields rich veins of lead in Derby- 
shire, Cumberland, and other counties of Great Britain, The rock is 
found in Russia, in the north of France, and in Belgium, where it fur- 
nishes the common marbles, known as Flanders marble, marbres de 
Flanders, aud small granite, petit granite. These marbles are also quar- 
fied in other localities, such as Regneville (La Manche), either for the 
manufacture of lime or for ornamental stonework. One of the varieties 
quarried at Regneville, being black, with great yellow veins, is very protty. 

In France, the carboniferous rock, with its sandstones and con- 
glomerates, schists and limestones, is largely developed in tho Voeges, 
in the Lyonnais, and in Languedoc, often in contact with syenites and 
porphyries and other igneous rocks, by which it has been penetrated 
and overthrown, and even melamorphosed in many ways, and its con- 
stitntion totally changed. In the United States it occupies a grand 
eough position in the rear of the Alleghanies, and it is found forming 
considerhble ranges in our Australian colonies. 

‘Th virtue of their antiquity, as compared with the secondary and 
tertiary limestone rocks, the carboniferous rocks are generally more 
marked in character. The valley of the Meuse, from Namur to 
Chockier, above Liége, is of this formation ; and many of our readers 
‘will remember with delight the picturesque character of the scenery, 
‘specially that of the left bank of the celebrated river. 


Coan Measunes (Sup-reniop). 
This terrestrial period would be characterised in a remarkable 
manner, by the abundance and peculiarity of the vegetation which then 
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covered the islands and continents of the whole globe. Upon all 
points of the earth, as we have said, this flora presented a striking 
uniformity. In comparing it with the vegetation of the present day, 
the learned French botanist, M. Brongniart, who has given particular 
attention to the flora of the coal measures, arrives at the conclusion 
that it presented considerable analogy with that of the islands of 
the equatorial and torrid zone, in which the maritime climate and 
clevated temperature exist in the highest degree. It is believed that 
the islands were very numerous at the period; that, in short, the dry 
land formed a vast archipelago upon the one general ocean, of no great 
depth, the islands being connected together and formed into continents 
an they gradually emerged from the ocemn. 

This flora, then, consists of great trees, often, as we have seen in the 
preceding formation, Jeybaceous, but also of many small plants, which 
would form a close, thick grass, or sod, half buried in marshes of an 
almost unlimited extent. M. Brongniart indicates as belonging to 
the period 500 species belonging to families which we have already 
seen dawning on the Devonian horizon, but which now attain this 
prodigious development, ‘The ordinary dicotyledons and monocatyle- 
ons—that is, plants having seeds with two lobes in germinating, an 
plants having one seed lobe—are almost entirely absent ; the eryplo 
gamic, or flowerless plants, predominate; in particular, the fems 
abound, of the lyeopods and oquisctacea ; forms insulated and actually 
destroyed in these same families, A few dicotyledonons gymmésperms, 
or naked-seeded plants forming a genera of conifers, have eampleialy 
isuppeared, not only from the existing flora, but from the period 
under consideration : there is no trace of them in the subsequent flom, 
except in their fossilized state. Such is a general view of the featuus 
most characteristic of the coal period, and in general of the trans 
tion epoch, It differs altogether and absolutely from that of to-day: 
the climatric condition of these remote ages of the globe, however, 
enables us to comprehend the characteristics which distinguish its 
vegetation. Continual rains and an intense heat, a soft light, yeilal 
by permanent fogs, engendered this special vegetation, of which we 
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search in yain for anything analogous in our days. The nearest 
approach to the climate and vegetation proper to the geological phase 
which oceupies us would probably be found by transporting ourselves 
by our thoughts to certain islands, or to the littoral of the Pacific 
ocean—the island of Chloé, for example, where it rains during 300 
days in the year, and where the sun is shut out by permanent fogs: 
where the arborescent ferns become forests; in their shade grow her- 
baceous ferns, which rise three feet and upwards above a soil nearly 
all marsh ; which gives shelter also to a mass of cryptogamic plants, 
greatly resembling, in its main features, the flora of the coal 
measures, This flora was, we have said, uniform and poor in its 
Totanic genern, compared to the abundance and variety of the existing 
flora; but the few families which existed then included many more 
‘species than they now present in the same countries. The fossil ferns of 
the coal series in Europe, for instance, comprehends about 200 species, 
while all Europe can now produce only fifty. The gymnosperms, 
which now muster only twenty-five species in Europe, numbered 
more than 120. 

‘Tt will simplify the classification of the flora of the carboniferous 
epoch if we give a tabular arrangement adopted by the best authori- 
ties :— 


Bronguiart, 
1, Oryptogamous Amphi- 
L Thallogens « gens, or Cellular Oryp- | Lichens, sea-weods, fungi. 
‘Moses, equisetums, ferns, Ly- 
eee) Gortorwnoe Acrogeas copoles, Lepidadendrons, 
TIL Gymnogens . Dicotyledonous Gymnosporms Conifers and Cycades. 
Composite, Loguminosw, Umbel- 
TV. Exogens. . Dicotyledonous Angiosperms lifer, Cruciferm, heaths, All 
y European except conifers, 
Palms, lilies, aloes, rushes, 
¥. Endogens . Monocotyledons. . { : 


Calamites are found in striated, jointed, cylindrical or compressed 
fragments, with channels furrowed in their sides, and sometimes sur- 
rounded by a bituminous coating, the remains of a cortical integument, 
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‘They were originally hollow, but the cavity is usually filled up with 
the substance into which they themselves have been converted. They 
were separable at their arti- 
culations, and when broken 
across at that part they show 
a number of striw, originating 
in the furrows of the sides 
and tarning inwards towanls 
the centre of thestem. It is 


across the hollow of the stem 
at each joint, or merely re 
presented the ends or woody 
plates of which the solid 
part of the stem is composed, 
Their extremities have been 
discovered to taper gradually 
to a point, as represented in 
C- canna formis (Rig. 58), or 
to end abruptly, the intervals 
becoming shorter and smaller, 
The obtuse point is now 
found to be the root of tho — 


sider that they belong to an 
extinct family of plants, ‘The 
Stigmaria is the commonest of all plants in the coal formation; not 
® mine is opened, nor a heap of shale thrown ont, but there occu 
fragments of its stem, marked externally with small cavities in the centre 
of slight tubercles, irregularly: arranged. From the tubercles arie 


Fig. 8&—Calamites eannaformis. One-third nat tz, 
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restoration of one of these Asterophyllites, the Sphenophylium, after 


i ‘Fig. 60—Asterophy lites fobiosa 
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st of the coal period are here represented with a short and 





Pig. 68—Sphenophy lam restored, 


Kk vegetation, a sort of grass, composed of herbaceous ferns 
mures-tail, Several trees of forest height miso their heads 
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species represented :— 

On the left are seen the naked trunk of a Lepidodendron anda 
Sigillaria, on arborescent fern rising between the two trunks, At 
the foot of these great trees an herbaceous fern and a Stigmaria 
appear, whose long ramification of roots, provided with reproductive 
spores, extend to the water. On the right the naked 
another Sigillaria, a tree whose foliage is altogether 
Sphenophyllum and a conifer. Tt is difficult to deseribe 
the species of this family, whose imprints are, 1 
abundant in the coal formation. 

In front of this group we see two trunks 


will be formed, upon which a new generation 
develop themselves, Some herbaceous ferns and 
out of the marshy water. 

A few fiches, belonging to the period, s 
of the water, and the aquatic reptile 0 
long and pointed head—tho only’ part of the 
known. A Stigmaria extends its roots into 
pretty Asterophyllites rise above it in the first p 
cub stems. 

‘A forest, composed of Lepidodendrons and Calamites, fo 
ground to the picture, 


Formation or Baps or Coan, 


Coal, as we haye said, is only the result of partial 

the plants which covered the earth during a geological per 
mense duration, No one now has any doubt that this is: 

Tn coal-mines it is not unusual to find small débris of the very 
whose trunks and leaves characterize the coal measures, or carboti- 
ferous era, More than once, also, immense trunks of trees have bea 
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more than eight feet in circumference: their roots formed part of a 
bed of coal more than eighty feet thick, resting on an argillaceous bed 
two inches thick, under which was a second forest superposed om 
‘band of coal from two to five feet thick. Underneath was a third 
forest, with great trunks of Lepiidodendrons, of Calamites and other 
trees, 


In the Bay of Fundy, in Nova Scotia, Sir Charles Lyell found ina 
coal-ficld, upwards of twelve hundred feet thick, sixty-eight different 
levels, presenting evident traces of many ground-plans of forests, 
where the trunks of the trees were still furnished with roots. 

‘We have endeavoured to establish the tne geological origin of coal 
in order that no doubts may exist in the minds of our readers on # 
subject so important. In order to explain the presence of coal in the 
bosom of the earth, this is the only possible hypothesis. These 

« Vegetable débris may result from the burying of plants which may 
haye been brought from afar and transported by rivers or maritime 
currents, forming immense rafts, which may have grounded in dif 
ferent places to be covered subsequently by the earth; or the tres 
may have grown on the spot where they perished, and where they an 
now found. Let us examine each of these theories > 

Can the coal-beds result from the transport by water, and burying 
underground, of immense rafts formed of the tranks of trees? ‘The 
hypothesis has against it the enormous height which must be eonosded 
to the raft in order to give the coal-beds the thickness they actually 
attain in the collieries. If we take into consideration the specific 
weight of wood, and its contents in carbon, we find that the coal at 
the depéts is only about seven-hundredth parts of the volume of the 
primitive wood and other vegetable materials from which it is formed; 
and if we take account of the numerous voids from loose packing of 
the raft, as compared with the compactness of coal, this may fairly be 
reduced to five-hundredths, A bed of coal, for instance, sixteen indie 
thick would have required a raft three hundred and eight feet Ligh 
for its formation, Such a raft, we need hardly say, could neither float 
on our rivers, nor on the greater part of our seas; their aceumulations 
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conld never arrange themselves with the regularity of the stratified 
coal-beds, not to mention their equal thickness over many hundreds of 
’ yards that is observable in the more extensive coal deposits: and how 
regularly they succeed each other by superposition, separated by banks 
of sandstone or earth-bedé, Again, admitting the possibility of an 
accumulation, slowly and gradually, of vegetable débris as it teaches 
the mouth of a river, would they not be buried, then, with great quanti- 
fies of mud and earth? Now, in the most part of eoal-beds, the pro- 
portion of earthy matter does not exceed fifteen per cent, If we bear 
in mind, finally, the remarkable parallelism existing in the stratification 
‘of the coal-beds, and the fine preservation in which the imprints of the 
most delicate vegetable forms are discovered, it will, we think, be de- 
monstrated that these formations have taken place in perfect tran- 
quillity. We are, then, forced to the conclusion that coal results from 
the fossilization which has taken placo where the plants lived and 
died. 
Tn order to comprehend entirely the phenomena of the transform- 
ation of the forest and herbaceous plants which inhabited the 
marshes of the ancient world into coal, there is a last consideration to 
be presented. During the coal period, the terrestrial crust, then 
searcely consolidated, formed only a very elastic crust, by reason of its 
immense extent, and from its reposing upon the yielding interior fluid 
‘mass. ‘This clastic crust would be agitated by the alternate move- 
‘ment of elevation and depression of the internal Liquid mass under 
the impule of solar and lunar attraction to which they would be 
as our seas are now; giving birth toa sort of subterranean 
_ tide, operating at intervals, more or less distant, upon weak parts in 
the crust, It would perhaps be through one of the openings thus 
‘produced that the vegetable masses would find themselves sub- 
the shrabs and herbe, after having thus covered for a time 
‘thosurface of the earth, would finish by being buried under the waters. 
Alter this submersion, new forests may have developed themselves in 
theme place. Through another weak point the second forests have 
‘Teen depressed in their tum, and drowned in the overflowing waters. 










posed, which constitute the coal measures have 
series of ages. 
But has coal been produced from the great 


have taken merely an accessory part in the fossilization. In all 
pelt hee exteled in fie, deal ie ne 


have, during the historic times and up to the present day, 
peat turf, which may be considered as a sort of 
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after the turt-beds were buried under the soil. The mere weight of 
the superincumbent mass, continued at an increasing ratio during a 
Jong series of ages, would give to coal the very considerable density 
which distinguishes it in its state of aggregation, 

‘The heat emanating from the interior fires of the globe, and which 
is presumed still to make itself felt at the surface, would also exercise 
‘# great influence upon the final result. It is to these causes, that is to 
sey, to the pressure and to the heat, be it more or less, of the great 
ventral terrestrial fires, that we may attribute the differences which 
exist in the mineral characters of the coal, in proportion as they are 
taised from the base of the coal measures towards the upper deposits. 
‘The inferior beds are drier, and more compact than the upper, becanse 
their mineralization, so to speak, has been completed under the influ- 
mee of a higher temperature, and at the same time under a greater 
pressure. 

An experiment which was attempted for the first time in 1833, at 
Saint-Bel, and afterwards by M. Cagniard de la Tour, and completed 
at Saint Etienne in 1858, is quite a demonstration of ‘the process by 
‘which coal was formed: these gentlemen made the attempt to pro- 
duce very compact coal artificially, by subjecting wood and other 
‘vegetable matters to the double influence of heat and pressure. 

‘The opparatus employed for this experiment by M. Baroulier, at 
Saint Etienne, permitted him to expose the vegetable matter enye- 
loped in moist clay, strongly compreesed, at the temperature long 
‘maintained of from 200° to 300° Centigrade. his apparatus, with- 
‘out being absolutely closed, offered considerable obstacles to the escape 
of gases or vapours of the kind generated by decomposing organic 
‘matter opernting in the midst of humidity, under a pressure 

itself to the dissolution of the its of which it was 

‘gounpoee ‘By placing in these conditions saw-dust of various kinds 

of wood, products were obtained which resembled in many respects, 

‘sometimes the brilliant sparkling, and at others the dull culmy coal ; 

‘those differences, moreover, varying with the conditions of the expe- 

‘Fiment and the nature of the wood employed : thus, to all appearanea, 
= Lt 
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explaining the striated appearance ‘of coal composed alternately of 
sparkling and dull heavy veins. 
When the stems and leaves of herbaceous ferns are 

between beds of clay or puzzolana, they are decomposed by the pres 
sure, and form themselves into compact carbonized blocks, arranged in 
layers, having impressions of the leaves of plants such as blocks of 
recent coal-beds frequently present. These experiments, which haye 
been conducted by Dr. ‘Tyndall, leave us no room to doubb that coal 
has been formed af the expense of the vegetables of the ancient world, 


Fig. 65.—Stratification of the coaL-bes, 


Passing from these speculations to the actual coal fields : 

This formation is composed of « succession of beds, more or less 
thick, composed of divers gritstones, termed gramoacke, of clay and of 
schists, sometimes bituminous and inflammable—in short, coal. ‘These 
threo rocks form amggg themselves strata, which may alternate up #0 
150 times, Carbonsto of iron may be considered a constituent of 
this rock: its extensive dissemination in connection with coal, i 
some parts of Great Britain, has been of immense advantage to the 
iron works of that country, in many parts of which the high-blast 
farnaces for the manufacture of iron rise by hundreds alongside of the 
coal-pits from which they are fed. In France, it may be noted, this 
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§ carbonated iron only occurs in nodules, much interrupted, 80 that 
‘mes necessary in that country to find other minerals to supply 
fants of the foundries which had been established, taking for 
base fhe coal measures of England. Fig. 65 gives an idea of the 
ry arrangement of the coal-beds, in which the coal is seen enclosed 
en two horizontal and parallel beds of schistose clay, mixed 
‘nodules of carbonate of iron, a disposition very common in 
sh collieries; the coal basin of Aveyron, in France, presenting 
alogous arrangement. 

] of the carbonate of iron in or near the coal for- 
py circumstance for mineralogical industry, When 
‘the same spot the iron mineral and the combustible, 
ments for working them can be established ‘at 










ast, The extent of the coal measures, in various 
wy ba briefly and loosely stated as follows :— 






) COAL MEASURES OF THE WORTLD_ 








‘The productiveness of the coal-fields may be stated 
for the year 1864;— 
P L2 
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6,000,000 
900,000 


We thus see that the United States only produce one-eleventh part 
of the whole of Enrope, and one-eighth of Great Britaing 

‘The coal measures of England and Scotland coyer a large area, and 
attempts have been made to estimate the quantity of fuel they contain ; 
but all such attempts must be a mere approximation to the trath when 
it is considered that in the coal-fields of South Wales, ascertained by 
actual measurement to attain the extraordinary thickness of 12,000 
feet, the colliers reckon on having a hundred different beds of coal, 
varying from six inches to more than ten feet; when, moreover, we 
have the published opinion of Sir R, Murchison that the whole of the 
Permian series of rocks have for their floor coal-fields more or less 
powerful. So far as ascertained, however, it may be stated that Mr, 
Phillips estimates the coal-bearing strata of the north of England st 
3,000 feet ; but these coal-fields contain, along with many beds of the 
minoral in 2 more or less pure state, interstratified beds of sandstones, 
shales and limestone, the real coal seams, to the number of twenty or 
thirty, not exceeding sixty fect in all. In Somersetshire and the wast 
of England and South Wales, where the whole series are from 10,000 
to 12,000 feot thick, the hundred seams of coal will probably be i 
similar proportion. The Scottish coal measures present a th 
of 3,000 feet, of coal-bearing strata, with the same intere 
other carboniferous rocks. In short, when it is considered that the 
whole of the Transition rocks which we have been describing wert 
deposited in the sea-basins until they were filled up ; that these basins 
emerged from the deep by upheaval or some other operation of nature; 
that they were again submerged, to pass through another course of 
upheaval and subsidence, filling-up, denudation and elevation, and this 
repeated many times and at vast intervals—this continued alternation 
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of coal-beds, limestone, slate and sandstone is probably what might be 
expected to result, 2 

‘The coal-basin of Belginm and of the north of France forms a zon, 
nearly continuous from Liége, Namur, Charleroi, and Mons, to Valen~ 
ciennes, Douai, and Bethune. The beds there number from 50 to 
110, and their thickness ranges between ten inches and six feeb. 
in the centre and south of France present beds less numerous, but 
thicker and loss regularly stratified. ‘The two basins of the Sadne-and- 
Loire, the principal mines of which are Creuzat, Blauzy, Montchanin, 
and Epinac, only contain ten beds; but some of these attain 100, and 
even 120 feet in thickness, as at Montchanin. The coal-basin of the 
Loire is that which contains the greatest total thickness of coal-beds : 
there the beds are twenty-five in number. After those of the north, of 
the Sabne-and-Loire, and of the Loire, the principal basin in France is 
that of the Allier, where very powerful beds occur at Commentry and 
Bezenet; the basin of Brassac, which commences at the confluence of 





the Allier and the Alagnon ; the basin of the Aveyron, known by the 
‘collieries of Decazeville and Aubin; the basin of the Gard, and of 
Gmnd-Combe. Besides these principal basins, however, a great 
‘mmber, little less important, occur, which yield annually to France 
‘from six to seven millions of tons of coal. 
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The beds of coal are rarely found in the position in which their 
transformation took place, whieh would be horizontal. They are gene- 
rally much twisted and contorted, with numerous dislocations, ‘They 
are found broken up and distorted by fiults, and even folded back on 
themselves into zigzag form, as represented in the engraving (p, 149)» 
which is the direction assumed by all the coal-beds of the basins of 
Belgium and the north of France: foldings which permit of vertical 
pits, in which the coal can be extracted by traversing the same beds 
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a mass of steam and vapour rises in columns from the water, resulting 
from the still-moking and scarcely-consolidated matter. In the fore- 
ground, on the right, rise groups of tree-ferns, Lepidodendrons, and 
Walchias, of the preceding period. At the edge of the sea, left exposed 
hy the retiring tide, are Mollusks and Zoophytes of the period —Pro- 
ductus, Spirifersand Encrinites ; pretty little plants —the Asterophylliles 
of the carboniferous age are growing at the water’s edge, not far from 
the shore, Having attained a certain height in the cooler 

the columns of steam would become condensed and finally fall in tor- 
rents of rain, The evaporation of water in such vast masses being 
necessarily accompanied by an enormons disengagement of electric 
fluid, this gloomy picture of the primitive world is lit up by brilliant 
flashes of lightning, accompanied by the reverberating noise of thunder, 


During the Permian period the vegetation would be nearly the 
same as that already described as belonging to the coal period, with 
some few species and even genera not hitherto observed. M. Ad. 
Brongniart has described some forms, which he places intermediate 
between the Carboniferous and Permian age, but still belonging to the 
Equisctacom—ferns and palms, with some conifers ; and Professor Ring 
has published a yaluable memoir of the Permian rocks of England, as 
compared with thoso of Thuringia, in the procoodings of the Palieat- 
tographic Society, of which we append an analysis ;— 


Nownst or Exoxaxn. ‘Tanners, 
1. Lower sandstone and Rothlic 
sand of various eels Zs ie 
2 Marl slatos . 
9. Compuct limestones 
4, Fossiliferous limestone . { 
5, Breceinted and imper- 
foctly broceiuted ioe |, Rauchwacke , 5. Conglomerates, 
stone . 
t, Crystalline or concrete 
td non crystalline | 6, Stinkstem 
limestone 


4 Dolomite or Upper 
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At the base of the system lies a band of Zower sandstone, of various 

colours, separating the magnesian limestone from the coal in York- 
| shire and Durham; sometimes associated with red marl and gypsum, 
but with the same obscure relations in all these beds which usually 
attend the close of one series and the commencement of another; the 
imbedded plants being, in many*cases, identical with those of the 





phyry, basaltic trap, and amygdaloid, lies at the base of tho system. 
Among the fossils of this age are the silicified trunks of tree-ferns, 
called Psaronius, their bark surrounded by dense masses of air-roots, 
which double or quadruple the diameter of the stem ; in this respect 
hearing a strong resemblance to the arborescent ferns of New Zealand. 
‘The marl slate consists of hard caleareous shales, marl slates, and 
thin bedded limestone, the latter nearly thirty feet thick in Durham, 
| and yielding many fine specimens of Gancid and Placoid fishes— 
Palwoniveus, Pygoptervs, Cxlacanthus, and Platyaomue—genera which 
all belonged to tho coal measures, and which Mr. King thinks pro- 
Tubly lived ab no great distance from the shore ; but the Permian species 
‘of the marl slates of England are identical with those of the copper 
slate of Thuringia. Agassiz was the first to point ont a remarkable 
peenliarity in the form of the fishes before and after this age: nearly 
the whole of the nine thousand species now living have the tail-fins 
either single or equally divided, or “' homocereal.” In the Paleecniscus 
and most of the fossil fishes of the Permian and earlier periods of 
the earth’s history, the tails of fishes have the upper fin much longer 
than the lower, and the yertébral column prolonged into the upper 
lobe, as in the sharks. This Agassiz calls “heterocercal.” The 
‘compact limestone is rich in bryozoares, The fossiliferous limestone 
of this period, Mr. King considers, is a deep-water formation, from 
the numerous bryozoa whiclf it contains. Some of them, as Fenestrella 
réiformis, found in the Permian rocks of England and Germany, 
fometimes measuring eight inches in width. 
Many species of Mollusks, and especially Brachiopodes, appear in 
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the Permian seas of this age, Spirifera and Produetus being the 
most characteristic, 


Lan 


Fig. 63—Productus borridus, Half natural slow. 


willl] 
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ig. 10—Cyrtoceras depres 


Another genera, resembling the Productide, now oceur, which have 
not been observed in strata newer than the Permian. The Stropho 
losia are abundant in the yellow magnesian limestone, accompanied 
by Spirifer undulatus. 8. Schlotheimii is widely disseminated both 
in England, Germany, and Russia, with Lingula Orednerii, and other 
palwozoic brachiopodes. Here also we note the first appearance of the 
oysters, but still in small numbers, ‘The Fenestrel/a represent tho 
bryozoare mollusks, 

Tho brecciated limestone and the conerétionary masses overlying il, 
although Mr. King has attempted to separate them, are considered by 
Professor Sedgwick as forms of the same rocks. They contain no 
foreign elements, but seem to be composed of fragments of the nuder- 
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lying limestone. Some of the angular masses at Tynemouth cliff are 
two feet in diameter, angular, and none of them water-worn. 

‘The crystalline formation is seen upon the coast of Durham and 
Yorkshire, between the Wear and the Tees, and Mr, King thinks that 
the character of the shells and the absence of corals indicate their 
deposit in shallow water. 

‘Among the ferns characteristic of the period may be mentioned Sphe- 

nopteris dichotoma and 8. Artemisiafotia: Pecopteris lonchitioa and 
Neuropteris gigantea are figured on page 128. “Tf we attempt,” says 
Lyell, ‘to draw a line between the secondary and primary fossiliferous 
strata, it must be drawn through the middle of what was once called the 
New Red. The lower half of this group will rank as 
palozoic, or primary, while” its upper members will 
form the base of the secondary or mesozoic series.” 
Among the Equiseta, Colonel Von Gutbier found 
Calamites gigas and sixty other fossil trees, most of 
them fers of the Permian formation of Saxony, forty 
of which haye not been found elsewhere, Among 
these are several species of Walchia, a genus of 
conifers, of which an example is given in the margin. 
They bear some resemblance to the Araucarias, which 
have been introduced from North America into our 
pleasure-grounds during the last half-century, in 
‘their stems, leaves, and cones. 

Among the genera enumerated by Colonel Von 
Gnutbier are some fruit called Cardescarpon, and 


dendrons are also common in the 
Permian rocks of Saxony, Russia, 
and Thuringia; also the Noggera- 
thies, « family of large treed, inter- 
mediate between the Cycades and 
Conifers. REG Boss ot aka reise in th margin, 
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Permax Rooxs, 

We now come to inquire into the physiognomy of the earth in the 
Permian period. Of what do the beds consist? what the extent, the 
mineralogical constitution of the rocks deposited by the seas of the 
period? ‘To furnish a reply, geologists divide them into three ascend- 
ing orders of stratification, 

1. New red sandstone; 2. Magnesian limestone; 8. Permian, a 
sandstone of the Vosges. 5: 

The new red sandstone, which attains a thickness of from three 
hundred to six hundred feet, is found over great part of Germany, in 
the Vosges, and in England, Its fossil remains are fow and rare: they 
include silicified trunks of conifors, some impressions of ferns, and 
calamites. 

In England, the new red sandstone, surmounted by mottled marl, 
occupies, in the midland counties, a very considerable extent of 
country. Ravines, both narrow and deep, intersect table lands of eon- 
siderable elevation, sometimes 80 precipitous and so red as to look like 
a wall of new bricks; then, hero and there, in the midst of the sand- 
stone, spotted and mosey as it is when clothed with lichens, rises some 
grand mass of chalk, upright as a Druid altar, giving appearances of 
the most remote antiquity to the rocks which surround them. Such 
is in general the style of the landscape. The aspect of this formation 
is not, however, so bold and striking as that of the primitive rocks. 

‘The magnesian limestone or zechstein, so called by the Germans in 
consequence of the numerous metalliferous deposits met with in it 
diverse beds, presents in France only a few insignificant fragments; 
but-in Germany and England it attains the thickness of a hundml 
and fifty yards. It is composed of magnesian limestone and. bili 
minous clay, the last black and fetid. The subordinate rocks consist 
of marl, gypsum, and inflammable bituminous schists, which sie met 
with in great proportions in the district of Mansfeld in Thuringia, 
among the minerals of argentiferous grey copper and lead largdy 
worked in that country, The cupriforous schists are remarkable for 
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“the numbers of fossil fishes which they contain, whence they are 
‘called Kupferschiefor in Thuringia. 
The mountain limestone in England has attained considerable 
development in Derbyshire and Yorkshire, where its accumulation of 
ite forms an excellent building-stone, the Houses of Parlia- 
‘ment being built of it. As we proceed northwards the Permian 


the primitive types of life seem to disappear, and those which survive 
| are modified: we have reached a period of decay—at least, of tran- 
“sition. Nevertheless, the Permian rocks present impressions of feet, 
which seem to indicate that, in the midst of this decline of other 
‘animal forms, the race of reptiles was increasing: we find also on the 
flat surface of some of the new red sandstone rocks in England traces 
of ancient sea waves, which have loft their marks, proving that tides 
existed, Upon other blocks of stone are small hollows, evidently the 
impressions left by heavy rain-drops in the soft mud, which has since 
hardened into stone, such as is represented at page 22. Sometimes these 
depressions have the lips more marked on one side than upon the 
other, as if the water had forced its way in that direction, by which 
we know that the skies of that age were covered with clouds ; but we 
are without indications of the wind, or of the point of the horizon 
whence if blew, 

‘The Permian formation, which has been used to designate the period, 
derives its name from the province of Perm in Eastem Russia, ‘This 
tock, known in France as the sandstone of the Vosges, is h 
of a red colour; all the northern parts of the Vosges are pose of 


platean cut up and intersected by water-courses : i 
few rare vegetable remains, 

Franco, Germany and England present only some out-croppings of 
trifling extent as compared to its immense ex , 


tion of limestone, of clay and sandstone, « 
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some ferns, and even reptiles and fishes analogous to those of the 
vechstein of Western Europe; even gypsum and rock-sult, cropping 
out of the soil, is worked on a large scale. In France the Permian 
“rock is sometimes confounded by the resemblance of its schists to 
those of the upper schists of the coal-fields, and thus deceive the 
miners who labour in the beds, leading them to imagine they are near 
to coal when it is altogether absent. 


‘The extent of ocean which covered the globe in the Permian periol 
would still be immense as compared with the seas of the present day. } 
‘The chain of the Vosges, stretching across Rhenish Bavaria, the 
Grand Duchy of Baden, as far as Saxony and Silesia, would be under 
water. They would communicate with the ocean, which would cover 
all the midland and western counties of England and part of Russia. 
In other parts of Europe the continent has varied very little since the | 
primitive Devonian and carboniferous ages. In France, the eentml 
plateau would form a great island, which extended towards the south, 
probably as far as the foot of the Pyrenees: another island would eon- 
sist of the mass of Brittany. In Russia, the continent would have 
extended itself considerably toward the east: finally, it is probable that, 
at the end of the carboniferous period, the Belgian continent would 
stretch from the department of the Pas-de-Calais and Du*Nord, in 
France, and would extend up to and beyond the Rhine. 

In England, the Silurian archipelago, now filled up and oceupied by. 
deposits of the Devonian and carboniferous systems, would be covered 
with carboniferous vegetation ; dry land would now extend, almost 
without interruption, from Cape Wrath to the Land’s End; but, on its 
eastern shore, the great mass of the country now lying less than three 
degrees west of Greenwich would, in a general sense, be under water, ot 
form islets rising out of the sea, Alphonse Esquiros thus eloquently 
closes the chapter of his work in which he treats of this formation i 
England: “We have seen sens, vast watery deserts, become pop 
lated ; we have seen the birth of the first land and its increase; age 
succeeding each other, and nature in its progress advancing among 
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the ancient inhabitants of the sea, or at least their spoils, 
ten mised to the summits of lofty mountains. In the midst of 
aust cemeteries of the primitive world we have met with the 
§ of millions of beings; entire species sacrificed to the do- 
ent of life, Here terminates the first mass of facts constituting 
ney of the British Islands, But groat changes are still to 
» themselves on this portion of the earth’s surface.” 


ing fhvus decaribed the érasisition epoob, it, may be useful, before 
& on the secondary epoch, to glance backwards at the facts 
Wwe have had under consideration. 

bis period plants and animals appear for the first time upon the 
tow getting cool, We have said the seas of the epoch were 
ted by the fishes known as Ganoids, s0 called from ydvos, to 
from the polish of the scales which cover their bodies, some- 
ho very complicated and fantastic manner, tho vilobites are 
crustaceans, which appear and disappear in the epoch; an 
fe quantity of mollusks, cephalopodes Sz 
ichiopoes ; the Fnerinites, the pro- 
(iraretect wim excious organi- 
“a species of mineral flowers, which 
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‘among all these beings, those which *& e 

jose which were truly the kings of en eat 

| life, ns it existed in the transition seas, were the fishes and 
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small sizo—forerunners of those monstrous Saurians which Wi 
in the secondary epoch. 


organization. With a few vegetables of a higher order, that is 
Dicotyledons, it was the eryptogamia, the ferns, the 1j 


the equisetacea, then at their maximum of development, which form 
the great mass of the vegetation of the epoch. 

Let us also consider, in this short analysis, that during 1 
under consideration what we designate climate did not 


and Melville Island the same fossils which we meet with 
rocks in the torrid zone : we must conclude, then, that the 

of this epoch was uniform all over the globe, and that the b 
earth itself was sufficient to annul and render inappreciable the 
influence of the sun. 

During this period the progressive cooling of the earth o 
frequent ruptures and dislocations of the terrestrial crust; an 
tween these an opening was made for the prssage of the rocks: 
igneous, such as granite, afterwards porphyry, and then syenite, 
surged slowly neross the fissures in a. viscous state, and for 
monntains of granite, of porphyry, and syenite, or simply of el 
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which were slowly filled with oxides and metallic sulphates, forming 
what are now designated veins, The great mountain range of Ben 
Nevis offers a striking example of the first of these occurrences : 
through the granite base a distinct natural section ean be traced of 
porphyry, ejected through the granite, and of syenite through the 
porphyry. These geological commotions, which called forth, not over 
the whole extent of the earth, but only in certain places, great move- 
ments of the soil, would appear to have been more frequent towards 
the close of this epoch, and especially at the moment which formed the 
as it were, between the Permian and the Triasic periods ; 
BPN, Sicekd flor olan to canider apertyta « formas 
chapter, the phenomena of eruptions, and the character of the rocks 
‘called eruptive. 
‘The convulsions and subyersions by which the surface of the earth 
was agitated did not extend, let it be noted, to the whole circum- 
ference; the effects were restrained and local. It would, then, be 
wrong to assert, with many geologists, that the dislocations of the soil 
which accompany the agitations of the surface extended to both 
hemispheres, destroying all living creatures in each. ‘The fauna and 
flora of the Permian poriod does not differ essentially from the fauna 
‘and flora of the preceding age, which shows that no general revolution 
‘occurred to disturb the entire globe between these two epochs, Here, 
8 in all analogous cases, then, it is useless to recur to any general 
tataclysm to explain the passage from one epoch to another. Have 
we not, almost in our own day, seen certain species of animals die 
‘ont and disappear, without the least geological revolution? Without 
speaking of the Beaver, which was abundant two centuries ago on the 
Yanks of the Rhone, and in the Coyennes, which still burrowed in 
‘the small river Beivro in the middle ages, which lived in our own 
‘tiyers within the memory of man almost, and which is still found in 
and other countries; we may cite many examples of animals 
je become extinct in times by no means remote from ours, 
the Dinoris and the Griornis, colossal birds of New Zealand 
“ti Madagascar, and the Dodo, which lived in the Islo of France in 
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1626. The Ursus squatus, the Cervus Megaeeros, the Bos 

genus, were all contemporary with man, and have been long extinct — 
We no longer know the gigantic wood-stag, figured by the Romans on 
their monuments, and which they had bronght from England for 
the fine quality of its flesh. The Erymanthean boar, so 

disseminated in the ancient historic period, no longer exists among 
our living races, any more than the crocodiles Jacwnosus and aeiniatus, 


Fig, 16—o, Panerinites Brarous,rotuee; b, the eae from the Li of Tyme Regis ta 


found by Geofiroy St. Hilaire in the catacombs of ancient Egypt. May 
races of animals figured on the mosaics of Palestrina, and engravel 
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Tux Txtasic, ox New Rep Prniop, 
This period has received the name of Triasic because the rocks of 
which it is composed, which are more fully developed in Germany 
_ than either in England or France, were formerly called the Trias or 
Triple Group by German writers because it was divided into thre 

groups, as follows :— 
Proved. German. 
eee inet se i pe 


* 1 Muachellalk or Galearo 
Wanting 5 -{ Oa one ©} atusehelcall, 


ease 
taped | Gres bigarré =. Bunter sunistone, 


Of these three groups geologists now form only two, the shelly, or 
new red sub-period, which embraces the two first, and the saliferous 
sub-period. 

New Rep Sanpsrone. 

In this new phase of the revolutions of the globe the animate! 
beings on its surface differ much from those which belonged to the 
transition epoch. The curious crustaceans which we have deseritel 
under the name of Trilobites have disappeared; the molluseous 
cephalopodes and brachiopodes are hero small in numbers, as are the 
ganoid and placoid fishes, whose reign also seems to have terminated 
during this period. But that of the Ammonites now begins, sal 
assumes in the period a prodigious development. Vegetation is 
subjected to analogous changes. The cryptogamic plants, which 
reached their maximum in the transition epoch, becoma now list 
numerous, while the conifers take a corresponding extension. Som 
kinds of terrestrial animals have disappeared, but they are replaced ly 
genera as numerous as they are new: for the first time the turlle 
appears in the bosom of the sea and on the banks of lakes. The 
Sanrian reptiles assume great development; they prepare the way far 
the enormous Surians, which appear themselves in the following 
period, whose skeleton presents such proportions, whose form is so il 
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comprehensible as to strike with astonishment all who contemplate 
their gigantic and, so to speak, threatening, remains, 

‘The seas of this sub-period, which is named after the innumerable 
masses of shells included in the rocks which it represents, included, 
besides great numbers of mollusks, Saurian reptiles of twelve different 
genera, some turtles, and six new genera of fishes clothed with the 
euirass, Let us pause ab tlie mollusks which peopled the Triasic seas, 

Among the shells characteristic of the conchylian period, we may 
mention Natica Gadlardoti, Rostellaria antica, Lima lineata, Avieula 
sociatis, Terebratula communis, Mytilus edulilformis, Myophoria 
Goldfussii, Possidonia minuta, and Ce- 
ratites nodosus, The Ceratites, of which 
& species is here represented, formed a 
genus closely approximating to the Am- 
monites, which seem to have oecupied a 
position so important in the ancient seas, 
but which seem to have no existence in 
those of our era, either in species or 
genera. This Ammonite is found in 
the muschelkalk of Germany, a forma- 
tion which has no equivalent in Eng- 





Timestone underlying the saliferous rocks 
in Gormany, and includes beds of dolomite with gypsum and rock-salt, 
‘The Mytilus or Mussels, which properly belonged to this age, are 
scephalous or headless mollusks, with clongated triangular shells, 
hooked at the point and termination: they are common in our seas. 
‘The Lima myophoria, Possidonia and Avicula are acephalous mol- 
Tnsks of the same period. The two genera Natica and Rostellaria 
Delong to the Gasteropodes, and are abundant in the muschelkalk in 
France, Germany and Poland. 
Among the Echinoderms belonging to this period may be men- 
tioned Encrinus moniliformis and lilliformis (Fig. 78), whose remains, 
constituting in some localities whole beds of the scil, show the slow pro- 
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gress with which this zoophyte formed its beds of limestone rock in 
the clear seas of the period. To these may be added among the mol 
lusks, Avicula subcostata, Myophoria pesauseris and Patella lineata. 
In the muschelkalk are found the skull and 
teeth of Placodus gigas, a reptile which was 
originally placed by Agassiz among the class of 
fishes, but better specimens have sutisfied Profes- 
sor Owen that they belonged to a 
Tt may be added, that the 
genera, proper to the transition « 
disappear for ever during this 
the appearance for the first time 
animals belonging properly to the 
give to the conchylian fina 
being one of passage from one age to 
‘The seas, then, presented a few rept 
inhabitants of the banks of rivers, as 
Capilosaurus, &c., and sundry fishes, 
rodus and Pernodus. In this 
shall see nothing of the land turtles, 
the first time, appear in this epoch of the: 
history; but it is to be noted with some car 
that in this age a gigantic reptile appears, at 
CQLSY which the opinions of geologists were Jong at 
fip.t1.—Encrinostutinmmia Variance, In the clay rocks of the conchylia 
period imprints of the foot of some animal wor ” 
discovered which very much resembled the impression that migh 
bo made in soft clay by the outstretched fingers and thumb of the 
human hand. These traces were made by a species of reptile fur 
nished with four fect, the two fore-feet being much broader than the 
hind ones. The head, pelvis, and seapula only of this strange-looking 
animal haye been found, but these are considered to have belonged tv 
a gigantic batrachian, It is thought that the head was not nakel, 
but protected by a bony cushion ; that its jaws were armed with conical 
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teeth, of great strength and of a complicated structure. ‘This curious 
and wneouth-locking creature, of which tho engraving (Fig. 79) is a 
‘restoration, has been named the Cheirotherium, or Labyrinthodon. 

Another reptile of great dimensions—which would seem to have 


Fig. 18—Labyrinthodon restored. One-twentieth natural sive. 


Teen intended to prepare the way for the appearance of the enormous 
Swnrians which present themselves in the Jurassic period—was tho 
Nothosaurus, 9 species of crocodile, of which a restoration has been 


‘ccoupies us: the flags on which thece imprints oceur show the 

of an animal of great size, presenting the impression af three 
toes, like some of the Struthionida, or ostriches, aosompanied by rain- 
- But the opinion which has attributed these impressions to 
See iicrimettetaited: No recasins of the skelotous of birds 
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have been met with in rocks of the period, and the impressions in 
qnestion are all that can be alleged in support of the hypothesis 
_ We may perhaps attribute the traces to some unknown zeptile with 
more probability. 

M. Ad, Brongniart places the commencement of dicotyledonous 
gymnosperm plants in this age. ‘The chureteristics of this flor 
consist in numerous ferns, constituting genera now extinct, such a 
Anopleris and Crematopleris. The true Equwisetum are rare in it. 
‘Tho Calamites, or, rather, the Calamodendrons abound. ‘The gym- 
nosperms are represented by the genus of Conifers, Volteia and Hai- 
dingera, of which both species and individuals are very numerous in 
the formation of the period. 

‘Among the species which characterize this stmta we may mention 
Newropteris elegans, Calamites arenaceus, Vollsia heterophylla, and 
Haidingera speciosa, Tho Haidingera, belonging to the tribe of 
Abietinw, wore plants with broad leaves, analogous to those of our 
Dammara, growing close together, and nearly imbricated, or lying 
over cach other, as in the Araucarias. The fruit, which are cones 
with rounded scales, are imbrieated, and have only a single seed, thos 
bearing out the strong resemblance which has been traced between 
these fossil plants and the Dammara. 

The Voltzias, which seem to have formed the greater part of the 
forests of the period, were a genus of Cupressinacese, now extinct, which 
are well characterized among the fossilized conifers of the period 
The alternate spiral leaves, forming five to eight rows sessile, that is, 
sitting close to the branch and drooping, have much in them anilo- 
gous to the cryptomerias. Their fruit was an oblong cone, with ecalei 
loosely imbricated, cuneiform, or wedge-shaped, and commonly of 
from three to five obtuse lobes, In Fig. 80 we have a part of the 
stem, a branch with leaves and cone, In his ‘ Botanic Geography; 
M, Lecoq thus describes the vegetation of the ancient world in the 
first period of the triasie age:—* While the variegated sandstones and 
mottled clays were being slowly deposited in regular beds by th 
waters, magnificent ferns still exhibited their light and eleganlly 
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ed leaves. Divers Protopteris and majestie Newropteris associated 
lves in extensive forests, where yegetated also the Crematopleris 


Pip. 10.—ranch and cone of Voltxia restored. 


pica of Schimper, the Anomopteris Mougeotii of Brongn., and the 
inetty Tirichomanites myriophyllum of Brougniart, ‘The conifers of 
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inclined foliage, of which the cedars of our age give some idea, 

e elegant Voltsias are seen in the second plane of this curtain of - 
dure. The reptiles which lived in these primitive forests, and 
fyrhich would give to it so strange a character, are represented by the 
i1 which descends towards the sea on the right, leaving 
“mipon the sandy shore those curious traces which have been so strangely 
Preserved to our days, as if they were intended to answer the interro- 

‘gations of science by their wonderfully-preserved vestiges. 


Concuytian Rooxs. 

‘The rocks of this period were composed of— 

L. Variegated sandstone, which contains many vegetable, but few 
animal remains, although we constantly find imprints of the steps of 
the i . 

IL. Beds of compact limestone, often greyish, sometimes black, 


alternating with marl and clay, which are sprinkled with such 
numbers of shells that the name of shelly limestone (muschelkalk) 
‘as been given to the formation by the Germans. 

The conchylian formation shows itself in France, in the Pyrenees, 
around the central plateau in the Var, and upon both slopes of the 
Vosges. It is represented in Germany, in Belgium, in Switzerland, in 
Sardinia, in Spain, in Poland, in the ‘Tyrol, in Bohemia, in Moravia, 
and in Russia. M. D’Orbigny states from his own inquiries that it 
covers yast surfaces in the mountainous regions of Bolivia, in South 
America. Tt is recognized in the United States, in Columbia, in the 
Great Antilles, and in Mexico. 

‘The conchylian rocks in France are reduced to the variegated sand- 
stone, except around the Vosges, in the Var, and the Black Forest, 
where it is accompanied by the muschelkalk. In Germany it furnishes 
building-stone of excellent quality: many great edifices, in particular 

*the cathedrals, so much admired on the Rhine, such, for example, as 
those of Strasburg and Fribourg, are constructed of this stone: the 
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sombre tints of the stone singularly relieving the grandeur and 
majesty of the Gothic architecture. Whole cities in Germany ae 
built of the brownish-red stones drawn from its mottled 

quarries, In England, in Scotland, and in Ireland this fo 1 
extends from north to soath through the whole length of the country, ] 
“The old land,” says Professor Ramsay, “consisted in great part of 
what we now knowas Wales and the adjacent counties of Herefordshire, 
Monmouthshire and Shropshire, of part of Devon and Cornwall, Cam 
berland, and probably the Pennine chain and all the mountainous parts 
of Scotland. Around old Wales, on three sides of Cumberland, and 
probably all round and over great part of Devon and Cornwall the new 
red sandstone was deposited: part at least of this oldest of the 
secondary rocks was formed of the waste of the older palwozoic strain 
that had then risen above the surface of the water, The new rad 
sandstone consists in its lower members of beds of red sandstone and 
conglomerate, more than 1,000 feet thick, and above them are ral 
and green marls, chiofly red, which in Germany are called the keaper 
strata, and in England the new red marl. These formations range 
from the mouth of the Mersey, round the borders of Wales, to the 
estuary of the Severn, eastward into Warwickshire, and then }) 
northward into Yorkshire and Northumberland, along the eastem 
border of the magnesian limestone. They also form the bottom of 
the valley of the Eden, and skirt Oumberland on the west. In the 


Pig. Si —Peeten orbicularts, f 


centre of England the unequal hardness of its sub-divisions sometime: 
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g rise to minor escarpments, overlooking plains and undulating 
of softer strata,” 
Different members of the group rest in England, in some region 
F other,” says Lyell, ‘on almost every member of the palwozoic series, 
Cambrian, Silurian, Devonian, carboniferous and Permian, and there 
‘evidence everywhere of disturbance, contortion, partial upheaval 
land, and vast denudations which the older rocks underwent before 
d during the deposition of the new red sandstone group.” 
Among the most abundant of the shells belonging to the upper trias 
all the countries where it has been examined are the avicula, 
diums and pectens, one of which is given in Fig. 81. 


Saurenovs Svs-Penrop. 

‘The formation which characterizes the saliferous period is of moderate 
extent, and derives its name from the salt deposits of the period. 

‘What is the origin of the great deposits of marine salt which occur 
in this formation, alternating constantly with thin beds of clay or 
marl? We can only attribute them to the evaporation of vast quanti~ 
ties of sea-water fortuitously introduced into the depressions, eavitios or 
(gulf, which the sandy downs afterwards separated from the great 
‘Body of the sea. In Px. x1v. an attempt is made to represent the 
matural fact that during this period banks of immense extent existed, 
‘on which the very considerable masses of rock-salt were deposited 
which are now found in the rocks of the period. On the right is the 
sea, with a down of considerable extent, separating it from a tranquil 
basin of smooth water, At intervals, and from v 
elearing the down, enters and fills the basin. We sing’ even Btppone 
that a gulf exists here which at one time communieated with the soa: 
the winds haying raised this sandy down, the gulf is transformed by 
degrees into a basin closed on all sides. However that may be, it is 
pretty certain that if the waters of the sea were once shut up in this 
basin, with an argillaceous bottom without any opening, evaporation 
from the effets of solar heat would take place, and a bed of marine 
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salt would be the resnlt of this evaporation, mixed w 
salts, such as chloride of sodium, sulphate, magnesi 
potassium, which form sea-water. This bed of salt 
tion of the water would soon receive an rgill 7 
mud suspended in the miry waters of the basin, 
alternate bed of marine salt and of clay or marl, 


ual conipe » puting enporeet ee ea 
tions. On the opposite page (Px. xty.) isan 

earth during the saliferous age, which explains at 
origin of the zockelt in’ this formations NA/E 
foreground shows the salt beds as formed by #l 

we have described. The beds are enclosed’ obliqnely, 
of a movement of the soil subsequent to their deposit. 


‘This hypothesis probably leaves the resulting, 
to the chapter of accidents to account for the 
sideration without other accessories; which, howey: 

‘There is in the delta of the Indus a singular 
Runn of Cutch, which extends over an area of 7, 
which is neither land nor sea, but is under 
and in the dry season is encrusted here and t] 
inch thick—the result of evaporation. Dry 
increased here during the present century by subsi¢ 
and upheavals by earthquakes, ‘That successive laye 
been thrown down one upon the other on many the 
in such a region is undeniable,” says Lyell. 
from the ocean is as inexhaustible as the supply 0 
‘The only assumption required to enable us to ex] 
ness of salt in such af area is the continuance f¢ 
of a subsiding movement, the country prese 
approach to horizontality.” The observations of 
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of the Pacifie prove that such a continuous subsidence is 
ble. Hugh Miller, after ably discussing various spots of earth 
as in the Runn of Cutch, evaporation and deposit take place, 
“If we suppose that, instead of a barrier of lava, sand-bars were 
by the surf on a flat arenaceous coast, during a slow and equable 
Sinking of the surface, the waters of the outer gulf might occasionally 
topple over the bar and supply-fresh brine when the first stock had 
been exhausted by evaporati 


There is little to be said of the animals which belong to this period. 
‘They were nearly the same with those of the conchylian age. 

Tn the saliferons age the islands and continents presented few 
mountains ; they were intersected here and there by large lakes, with 
flat and uniform banks. The vegetation on their shores was very 
abundant, and we possess its remains in great numbers. The salifer- 
ons flora consisted of ferns, equisetacem, cycades, conifers, and a few 
plants, which M, Ad. Brongniart classes among the dubious monocotyle- 
dons. Among the ferns may be quoted many species of Sphenop- 
teris and Pecopteris, Among them, Pecopteris Stuttgartiensis, a 
tree with channeled trunk, which rises to a considerable height with- 
out throwing out branches, and terminates in a crown of leaves 
finely cut and with long petioles; the Hquisetites columnaris, the 
great equisetum analogous to the horse-tails of our age, but of 
infinitely larger dimensions ; its long fluted trunk surmounted by 
an elongated ratinare Gaeinating over oll the other treee.cf/ Dia 
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period, the Paleowyris Munstert, which Brongniart classes with the 
Presteria, among his doubtful monocotyledons, 


changed, and many of the genera also are different; the Chladephiabia, 
the Sphenopteris, the Coniopteris, and Peeopteris predominate over the 
others in the number of species, The Equisetacem are more developed 
than in any other formation. One of the finest species, the Cialamites 
arenaceus of Brongniart, mast have formed great forests. The fluted 
trunks resemble immense columns, terminating at the summit in leafy 
branches, disposed in graceful verticillated tufts, foreshadowing the 
clogant forms of our Equisetum sylvatioum, besides growing alongside 
of eurions Equisetum and singular Equisetites, a species of which, 
E. columnaris, raised its herbaceous stem to a great height with its 
poe ny 

“ What a singular aspect these ancient rocks. would present, if we 
add to them the forest-trees Péerophyllwm and the Zamites of the fine 
family of eyeadacem, and the conifers, which seem to have made their 
appearance at the same timo in the humid soil! 

“It is during this epoch, while yet under the reign of the dieotyle- 
donous angiosperms, that we discover the first true monocotyledons 
The Presteria antigua, with its long petals, drooping and creeping 
round the old tranks, its bunches of bright-coloured berries like the 
‘Smilax of our own age, to which family it appears to have belongel. 
Bosides, the triasic marshes gave birth to tufts of Palworyris Munster, 
a cane-like gramine, which, in all probability, cheered the otherwise 


pS Daag this long. period the ont pe 
tre deficient in Chess distant a 
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| Lepidodondrons; the Calamites and Asterophyllitos had already run 
| their race before the epoch of which we write.” 

‘The principal features of triasic vegetation are represented in 
| Px. xrv.; on the cliff, on the left of the ideal landscape, the graceful 


ms and lofty trees are groups of Calamites arenaceus: below are 
| the great “horse-tails ” of the epoch, Zyuisetum columnaris, a slender 
| tapering epecies, of soft and pulpy consistence, which, rising erect, would 
‘Give a peculiar physiognomy to the solitary shore, 


Sauierovs Rooxs, 

‘These rocks consist of a vast number of argillaceons and marly beds, 
irregularly coloured, but chiefly red, with a dash of yellow, black and 
green. ‘These are the colours which in earlier days gave the name of 
variegated marl to the series. These beds of red marl often alternate 
‘with sandstones which are also variegated in colour. As subordinate 
rocks we find in this formation some dgposits of a poor pyritic coal 
and of gypsum. But what especially characterises the rocks are the 
formidable beds of rock-salt which are included. These saliferous beds, 
often twenty-five to forty feet thick, alternate with beds of clay, the 
whole attaining a thickness of 160 yards, In Germany, in Wurtemberg, 
in France, at Vic and at Dieuze, in the Meurthe, the rock-salt of the 
saliferous formation have become important branches of industry. In 
the Tura, salt is extracted from the water, charged with chlorides, 
which issue from this formation. 

Some of theso deposits are placed very deep in the soil, and 
cannot be reached without yery considorable labour. The salt~ 
mines of Viclizka, in Poland, for example, d 
surface, or by galleries of little depth, b 


process of mining by galleries, and the ordi 
the silt is by digging pits, which are aftorw: 
This water, charged with marine salt, is then 
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troughs, where it is evaporated, and the crystallized mineral obts 
by deposit. 

The saliferous formation presents itself in Enrope on many 
and it is not difficult to follow its traces, In France it appears 
department of the Indre, of the Cher, of the Aller, of the Ni | 
Sadne-and-hoire ; upon the western slopes of the Jura its outliers cep 
out near Poligny and Salins upon the western slopes of the Vo 
the Doubs it shows itself; then it skirts the conchylian 
Hante-Mame; in the Vosges it assumes Iarge proportions im 
Meurthe at Lnneville and Dienze ; in the Moselle it extends nort 
to Bouzonville, and on the Rhine, to the east of Luxembourg, as 
Dockendorf. Some traces of it show themselves upon the 
slopes of the Vosges on the lower Rhine, 

It shows itself again in Switzerland and in Germany, in th 
Basle, in the Argoia in the Grand Duchy of Warteraberg, aad ia 
‘Tyrol, where it gives its name to the city of Saltzbourg. 

In the British Islands the saliferous deposits commence 
eastern parts of Devonshire, and a band, more or less regular, is tn 
into Somersetshire, through Gloucestershire, Worcestershire, 
Leicestershire, Nottingham, up to the banks of the Tees in ¥ 
with a bed independent of all the others in Cheshire, which extent” 
into Lancashire. “At Nantwich, in the upper trias of Cheshire," 
Sir Charles Lyell, “two beds of sali, in great part unis 
earthy matter, attain the thickness of 90 or 100 feet. 
surface of the highest bed is yery uneven, forming cones 
figures, Between the two masses there intervenes a bed 
clay, traversed by veins of salt. ‘The highest bed thins off 
south-west, losing fifteen feet of its thickness in the course 0 
according to Mr. Ormerod. ‘The horizontal extent of these 
exacily known, but the area containing saliferous clay and sandstone 
is supposed to exceed 150 miles in diameter, while the total thicknes 
of the trias in the same region is estimated by Mr. Ormerod at 1700 
foot. Ripple-marked sandstones and the footprints of animals ame 
observed at so many levels that we may safely assume the whole are 





.— 


SALIFEROUS SUB-PERIOD. 181 


to have undergone a slow and gradual depression during the formation 
|) of the new red sandstone.” 

Not to mention the importance of salt us a source of health, it is 
_ in Great Britain, and, indeed, all over the world where the saliferous 
rocks exist, a most important branch of industry. ‘The quantity of 
the mineral produced in England from all sources is between five and 
six hundred thousand tons annually, and the population engaged in 
producing the mineral from sources supposed to be inexhaustible, 
‘upwards of twelve thousand. 

Tf the saliferous formation is poor in organic remains in France, 
it is by no means so on the other side of the Alps. In the Tyrol, and 
in the remarkable beds of Saint Cassian, Aussee, and Hullstadt, the 
rocks are stony, with an immense number of marine fossils: among 
them, Cephalopodes, Ceratites, and Ammonites of peculiar form, having 
the lobes shaped and cut like the finest needle. The Orthoceras, 
which we have seen abounding in the Silurian period, and continued 
during the deposit of the Devonian and carboniferous periods, appears 
here for the last time. We still find here a great number of Gastero- 
podes and of Lamellibranches of the most varied form, the latter 
representing the family of Productus. Sea Urehins—Polypiers of 
elegant form—scem to haye occupied, on the other side of the Alps, 
the sameseas which in France and Germany seem to have been nearly 


Qa 


Fig. 62 —Patella vnigata. 
destitute of animals, Some beds are literally formed of accumulated 
shells belonging to the Avicula. 

Tn following the grand mountainous slopes of the Alps and Car- 
pathians we discover the saliferous rocks by this remarkable neeumu- 
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lation of Avicula:, The same facies presents itself under the identical 
conditions in Syria, in India, in New Caledonia, in New Zealand, and 
in Australia. It is not the least curions part of this period, that it 
presents on one side the site of the Alps, which were not yet raised, 
an immense accumulation of sediment, charged with gypsum, rock- 
salt, &e., without organic remains, while beyond, a region presents itself 
equally remarkable for the extraordinary accumulation of the remains 
of marine mollusks. Among these were Myophoria lineata, which ix 
often confounded with Trigonias, Patella lineata, and Stellispongia 
variabilis. 

France, at this period, was still the skeleton of what it has become, 
A map of the country represents the primitive rocks occupying the site 
of the Alps, the Cevennes, and the Puy-de-Dome, the country round 
Nantes, and the highlands of Brittany. ‘The transition rocks reach 
the foot of the Pyrenees, the Contentin, the Vosges, and the Eifel 
Mountains. Some bands of coal stretch away from Valenciennes to 
the Rhine, and on the north of the Vosges; these mountains themselves 
being chiefly triasic, 





JURASSIC PERIOD. 


‘Tins period, one of the most important in the physical history of 
‘the globe, has received its name from the Jura mountains in France, 
fhe Jura range being composed of the rocks deposited by the seas of 
‘the period. Tn the term Jnrassic, the formations designated es the 
“Oolite” and “‘Lias” are included, both being found in the Jum 
mountains. The Jurassic period presents a very striking assemblage 
of characteristics, both in its vegetation and in the animal remains 
‘which it contains: many genera of animals belonging to the preceding 
age have disappeared: new genera have replaced them, comprising a 
very specially organised group, containing not: Jess than four thousand 
species. 

‘The Jurassic period is subdivided into two sub-periods : that of the 

Tre Lis 

Js an English provincial name given to an argillaceous limestone, 
With marl and clay, which forms the base of the Jurassic formation, 
and passes almost imperceptibly into the lower oolite in some places, 
whore the marlstone of the lins partukes of the mineral character, as 
Well as the fossil remains of the lower oolite: and it is sometimes 
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treated as belonging to that formation. “Nevertheless,” says Sir 
Charles Lyell, “it may be traced throughont a great part of Europe es 
a separate and independent group of considerable thickness, varying 
from 500 to 1000 feet, containing many peculiar fossils, and having 
a very uniform lithological aspect.” The rocks which represent the 
liasie period form the base of the system, and haye a mean thickness 
of about 300 fect. In the inferior part we find sand, quartzose sand- 
stones, which are called the sahhdstone of the lias, and comprehend the 
greater part of Guadersandslein, or building-stone of the Germans; 
above it comes some compact limestone, argilliferons, bluish and 
yellowish ; finally the formation terminates in the marlstones, some- 
times sandy, and occasionally bituminous, 

The lias is generally divided into three formations: 1. the lower 
2. the middle; and 3, the upper; but these have been again subdivided 
—the first into six zones, each marked by its own group of fossils; tlie 
second into three zones; and the third consisting of clay, shale and 
thin beds of limestone, over which come sandstones. For the pur- 
poses of description we shall divide the lias into four groups :— 

1, Lower lias, which is well developed in the Alps of Lombarly 
and the Tyrol, in Laxembourg and in France, chameterized by abui- 
dant remains of Avicula conterta, 7 

2. Graphite limestone, or lias below Gryphwea areuata, with 
sandy banks at the base. Independently of the @ryphwa arowala, 
we find Ammonites Bucklandi. 

3. The middle lias, formed by numerous banks, enclosing, among 
other fossils, Pentacrinites, Belemnites pawillosus, Gryphea obliqua, 


ver Tias, consisting of marlstone, surmounted by a bel 

ij generally worked, These marls form powerful 

beds : the fossils are Ammonites bifrons, Brachyphyllum, Belemnites 

tripartitus. The bed of ironstone is generally remarkably rich it 
fossils. 

Tn France the lias abounds in the Calvados, in Burgundy, Lormine, 

Normandy andthe Lyonnais, In the Vosges and Luxembourg M. B. de 
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‘Beaumont states that the lias containing Gryphwa arcuata and Plagios- 
oma gigantea, and some other fossils, becomes arenaceous : and around 
the Hartz mountains, in Westphalia and Bavaria, in its lower parts 


shire on the north-east, and 
is an extensive series of alternating beds of clay, shale, and lime- 
stone, with occasional layers of jet. The unequal hardness of the 
clays und limestones of the liasic strata causes some of its members 
to stand out in distinct minor escarpments, often facing the west and 
north-west. The marlstone forms the most prominent of these, and 
overlooks the broad meadows of the lower lias clay, which forms 
much of the centre of England.” In Scotland there are few traces of 
the lias, Zoophytes, mollusks and fishes of a peculiar organization, 
bat, above all, reptiles of extraordinary size and structure gave to the 
sea of the liasie period an interest and features quite peculiar. 
Well might Cuvier exclaim, when the drawings of the Plesiosaurus 
were sent to him, “Truly this is altogether the most monstrous 
animal that has yet been dug out of the ruins of a former world.” In 
the whole of the English lias there are about 243 genera, and 467 
Species of zoophytes and mollusks. The whole series of rocks have 
heen divided into zones characterized by particular ammonites which 
are found to be limited to them, 

Among the zoophytes belonging to the lias we may cite Asteria 
lombricalis and Paleocoma Fustembergii, which constitute a genera 
tot dissimilar to the star-fishes, of which its radiated form reminds us. 
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The Pentacrinus fascioulosus is another zooplyte of this epoch, whieh 
omaments many collections by its elegant form. Tt belongs: to the 
carder of Crinoide, which is represented in the present epoch by the 


Vig. 86 —Pentacrinws fascicalosus, Half natural hae, 


Medus, one of the rare and delicate zoophytes of our seas. This 
86. 


fine zoophy 
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small number of species ; they increased greatly in number in the 
Tiasic seas. 

The Ammonites, a curious genera of mollusks, which we have seen 
in small numbers in the preceding age of tho trias, become quite special 
in the secondary epoch, and disappear altogether before our age, They 
are characteristic of the Jurassic period, 
and, as we have already said, each zone is 
characterized by its peculiar species. The 
name is taken from the resemblance of the 
shell to the ram’s-horn ornaments which 
decorated the front of the temple of Jupiter 
Ammon and the bas-relicfs of the states yx. 4 — puis anticulaue 
of this pagan deity. ‘They wre cephalopode canoe aati Toh 
mollusks with circular shells, winding in 
spirals on the same plane, and divided into a series of chambers, 
The animal only occupied the outer cavities of the shell; all the others 
were void. A tube is- r 
suing from the first tra~ 
versed all the cavities, 
ag is seen in the sec- 
tion of Lituites arti- 
ewatus, in Fig. 87. 

This tube enabled the 


Tequired. ‘The nautilus of our sea’ is provided with the eame curious 
organization, and réminds us forcibly of the Ammonites of geological 
times. 
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Shells are the only traces which remain of the Ammonites. We 
have no exact knowledge of the animal which occupied and built them. 
‘The attempt at its restoration, as exhibited in Fig. 88, will probably 
convey a fair idea of the living Ammonite. We assume that it rm 
sembled the nautilus of our days. Like a little seuller, the Ammonite 
floated on the surface of the waters; like the nautilus, the shell was an 
animated skiff. What a curious aspect these primitive seas must haye 
presented, covered by myriads of these mollusks of all sizes, rowing 
about in eager pursuit of their prey ! 

‘The Ammonites presented themselves in the Jurassic age in a great 
variety of forms, and of all sizes; some of them of great beauty. 
Ammonites bifrons, A. nodatianus, A, bisculatus and A. margari- 
tatus, come under this description. is 

‘The Belemnites were also molluscous cephalopodes of a very 
curious organization, which would probably appear in great numbers, 
and for the first time in the Jurassic seas. Of this mollusk we only 











































































































‘Vig. 89,—Belemnite restored. 


possess a fossilized bone, analogous to that of the cuttle-fish and the 
calmar, which at first might be mistaken for a petrified wand, This 
simple and mute ruin is very far from giving us any exact idea of 
what the animal was to which the name of Belemnite was given. 
‘The little bone was long, slender and dart-like, whence their namé 
When first discovered no better name could be found for them than 
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“* Ladies’ fingers,” They were at last judged, from their surroundings, 
to be the bony processes of some primitive cuttle-fish. The only part 
left to us is the terminal part of the Belemnite, probably once sur- 
rounded with flesh. Unlike the Ammonite, which floated on the surface 
and sunk to the bottom at pleasure, the Belemnite, it has been thonght, 
could swim or creep at the bottom of the sea. 

In the preceding page (Fig. 89) is the living Belemnite, restored 
according to Professor Buckland and the celebrated paleontologist, 
Professor Owen, in which the terminal part of the animal is marked in 
a darker tint to indicate the place where the bone comes which alone 
represents in our days this fossilized being. A pretty exact idea of 
this mollusk may be ar- 
rived at by looking at 


Fig. 90.—Delemnites canaticnlatas. 


liguid, a sort of ink or sepia ; and the fossil has actually been found 
with the ink dried up, and one geologist: has executed a drawing with 
the ink of this sepia, aged probably many thousands of years. 
Among the Belemnites characteristic of the liasic period, may be 
cited B. aeutus, pistiliformis and sulcatus, among the acephalons 
mollusks, ‘The seas of the period contained a great number of the 
fishes called ganoids ; that is to say, with bard and glittering scales. 
Lepidotus gigas was w fish of great size belonging to this age. A 
smaller fish was the Tetragonolepis, or (Echmodus Buehii. The 
Aerodius nobilis, of which the teeth have been recovered, was a fish of 
which no other part of the skeleton has been preserved. Neither are 
we better informed as to Hybodus retioulatus. The osseous spines 
which form the anterior part of the dorsal fin of this ancient fish had 
long been an object of curiosity to geologists under the general name 
of Ichthyodorulites, before it was established that it was a fragment of 
the fin of the Hybodus. The teeth of Acrodius nobitis were long 
known popularly as the “fossil teeth,” and the Ichthyodorulites were 
supposed by some naturalists to be the jaw of some animal, by others, 
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weapons like those of the living Dalistes or Sidwrus; but Agnssiz has 


flesh, and attached by strong monscles, 
“They served,” says Dr. Buckland, “as 
in the Chimera, to raise and depress 
the fin, their action resembling that of 
‘a moveable mast lowering backward.” 

‘Let us hasten to say, however, that 
-these are not the beings that distin 
guished the age, and were the salient 


Zifeatnres of the genemtion of anim 
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description of the walk from Bridport to Lyme Regis, where slept the 
sleop of stones the most frightful creatures the living world hns ever 
imagined. ‘The quarries of Lyme Regis were the cemetery of the 
Tehthyosaurii, the sepulchre which concealed these dragons of the 
BOEING REO A644 Byevinrs 

In 1811 a simple country girl, who mado her precarious living by 
picking up fossils for which the neighbourhood was already famons, 
was pursuing her avocation, hammer in hand, when she perceived 
some bones projecting a little from the cliff. On examination sho 
found it was part of a large skeleton: she cleared away the rubbish 
and traced the whole creature on the block of stone. She hired work- 
men to dig out the block of lias in which it was embedded. In this 
manner was the first of these monsters brought to light: “a monster 
some thirty feet long, with jaws nearly a fathom in length, and huge 
saucer eyes; which have since been found so perfect, that the petri- 
fied lenses have been split off, a8 a writer in ‘ All the Year Round’ 
assures us, and nsed as magnifiers.” 


‘Fig. 92—Head of Ichthyosaurus platydon. 

Tn the structare of the head the lizard form has boon particularly 
tiserved. (In Fig. 92, tho hoad of I. platydon is represented.) As in 
the Saurians, the nostrils approach the eyes ; but, on the other hand, 
the form and arrangement of the teeth appronch.to the crocodiles ; 
they are conical, bat not set deep or separate in their sockets ; they are 
‘only ranged in a long and continuous trench hollowed in th 
the jaw. ‘These jaws have an enormous opening ; for in some instances 
‘they have been found armed with a hundred and sixty teeth. Let us 
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add, that teoth lost through the voracity of the animal, or 
with other animals, could be replaced many times ; forabo 
there is tho germ of a new one, and we have described a 


most remarkable peculiarities. Before the orbit of the eye there exi 
a series of thin, circular, bony plates, which surround the opening 
the pupil. This apparatus, which exists in the eyes of some binig 
and in those of the turtle and lizard, can be used so as to increase or 
diminish the curvature of the transparent cornea, and thus increase or 
diminish the magnifying power, according to the requirements of 
the animal ; performing the office in short, of a telescope or micenscope 
at pleasure, The eyes of the Ichthyosanrus were, then, an optical appre 
ratus of Wonderful power and of singular perfection. They gave the 
animal the power of seeing its prey far and near, and of pursuing it in 
the darkness and in the bosom of the deep. The cnrious osseous plate 
we haye described furnishes, besides, in its vast ocular globe the power 
necessary to support the pressure of a considerable weight of water, 
as well as the violence of the waves, when the animal, coming to the 
surface to breathe, raised its head above the surface. ‘This magnifies 
specimen of the fish lizard, or Ichthyosamrus, as it was 
Ure, now forms part of the treasures of the British Museum, a 
At no period in the earth’s history have reptiles oceupied so import 
ant a place as they did in the Jurassic period, All nature seems 
have been prepared for their appearance, ‘They are as complicated in 
their structure as the mammifera which succeeded them. They livel 
in the open sea, but they seem to haye sought the shore fn 
time : thoy ered along the beach, covered -wit x ifn Rasa 
not unlike some of our Cetacew, for the Ichthyosaurus may 
sidered as the whale of its time. Its voracity would be pro 


the place where the stomach might be supposed to be plac 
skeleton of a smaller one—a proof that this monster, not 
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Fig, 93-—Tehthyosaurus platydon 


° 





* 
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. 
‘in certain classes of animals now living, but they never seem to be again 
reunited in any one. It possesses the muzzle of a porpoise, the heal 
of a lizard, the jaws and teeth of a crocodile, the vertebrae of 1 fish, 
the sternum of the Ornithorhynchus, the paddles of a whale, and thi 
trunk and tail of an ordinary quadraped. 

Bayle appears to have given the best idea of the Ichthyoewurns by 
deseribing it as the whale of the Saurians—the Cetacea of the primi- 
tive seas, It was, in short, an animal exclusively marine ; on shore it 
would be an immovable, inert mass: its paddles and fish-like verter, 
the length of the tail and other parts of its structure, prove that ix 
habits were aquatic, as the remains of fishes and reptiles, and the form 
of its teeth, show that it was carnivorous, Like the whale, also, the 
Ichthyosaurus respired atmospheric air; so that it was under the 
necessity of coming frequently to the surface of the water, like thit 
inhabitant of the deep. We can even believe with Bayle that, like the 


whale, it was provided with vents or blowers, through which it qjesied 


the water it had swallowed in columns into the air. 
‘The dimensions of the Ichthyosanrus varied with the species, of which 
five are known and described. These are I. communis, I. platydon, 
I, intermedius, I, tenuirostris, and I, Cuvierii, the largest | 
thirty fect in length. 
‘The short thick neck of the Ichthyosaurus supported a vo 
head, which continued backwards from behind the eyes in a 
column of more than « hundred vertebre. ‘The animal being « 
like the whale, for rapid movement through the water, its 
none of the invariable solidity of the lizard or crocodile, but 
structure and lightness of that of fishes. The section of #h 
presents two hollow cones Connected by their summit at the: 
the vertebrae, which would permit of the utmost flexibility of : 
The sides extended themselves in all the length of the vertebral 
from the head to the pelvis. The bones of the os sternum, or’ 
of the frame which srpporel the peleg ‘ 
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‘miferous furred quadruped with the mouth of a duck and palmated 
feet ; which dived to the bottom of the water in search of its food, and 


Fig. 01—Lower Jove of Iolithyosaurus, (Dr. Buckland.) 


returned to the surfaco to breatho tho air. In this phonomenon of living 
nature the Creator seems to have repeated in our days the organic 
arrangements which appear once before in the Ichthyosaurus, 
Tn onder that the animal should be able to move with rapidity in 
‘the water, both the anterior and posterior members consisted of fins or 
the hands or anterior fins being much the most powerful, 
being made up of about a hundred bones, of polygonal form, disposed 
in series representing the phalanges of the fingers, The hand, jointed 
at the arm, hasa great resemblance to the paddles, without distinct 
fingers, of the porpoise and the whale. A specimen of the posterior 
fin of T. communis, discovered at Barrow-on-Suir, in Leicestershire, in 
1840, by Sir Philip Egerton, exhibited on its posterior margin the 
“remains of cartilaginous rays, which bifurcated as they approached 
“the edge, like those in the fine of a fish, “It had proviously boon 
_ supposed,” says Professor Owen, ‘that the locomotive organs were en- 
‘veloped, while living, in a smooth integument, like that of the turtle 
and porpoise, which has no other support than is afforded by the bones 
“and ligaments within; but it now appears that the fin was much larger, 
expanding far beyond the osseous frame-wolk and deviating widely in its 
fich-like rays from the ordinary reptilian type.” The Professor believes 
‘that, besides the fore-padales, thes stff-necked Saarians wore furnished 
ith a tail-fin without radiating bones, and purely tegumentary, expand- 
ti to assist them in turning, and not horizontally as in the 
4s obvious that the Tchthyosaurus was an animal powerfully 
farmed for offence and defence. Wo cannot say with certainty whether 
o2 
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the skin was smooth, like that of the whale or lizard, or covered with 
sales, like the great reptiles of our ownage. Nevertheless, as the scales 


Pig, 99—Skelewon of Ichthyosunrus, 
Contaloing teeth wad bones of fl nthe coprotite orm. Qna.Reenth natura alae 


of the fishes and the cuirass and horny armour of the reptiles of the 
lias are preserved, and as no sucli defensive seales have been found be- 
longing to the Ichthyosaurus, it is probable that the skin was smooth, 


Tt is curious to see the exact knowledge which we possess of the 
antediluvian animals, their habits, and their economy. Fig, 95. 
represents the skeleton of an Iehthyo- 

saurus found in the lins of Exyme Regis, 





| find, in beings so remote from our times, the same system of organs 
| which belong to modern animals, and to tice them even i in organs 
{0 perishable as the intestinal tube, composed entirely of soft parts 
‘non-adherent to the skeleton. Is it not establishing, by the similitude 


LIASIO PERIOD. 197 


only remains to be added that, among these bones, those of the Ichthyo- 
‘saurus were often found, especially the bones of young individuals. The 
presence of these remains of animals of the same species in the digestive 
canal of the Ichthyosaurus proves, as we have already had occasion to 
remark, that this great Saurian was a most voracious monster, since it 
habitually devoured individuals of itsown race. ‘The structure of the jaw 
leads us to believe that the animal swallowed its prey without dividing it. 
Its stomach and intestinal tube must, then, have formed a sort of pouch 
of great yolume, filling entirely the abdominal cavity, and responding 
in extent to the great development of the teeth and jaws, 

‘The perfection in which the contents of the intestinal cavity has 
heen preserved in the fossilized coprolites furnishes indirect proofs 
that the intestinal tube of the Ichthyosaurus resembles closely that of 
the shark and the dog-fish—fishes essentially voracious and destruc- 
tive, in which the intestinal muscle is spiral and contorted, an arrange- 


of which Fig. 97 ie « copy. Vg: Cope of Lynas 
It will be readily comprehended that the coprolites, being muffled up 
ts it were in phosphate of lime, a mineral which is indestructible in 
its nature, would be well preserved. On the coast near Lyme Regis, 
‘wprolites are abundant in the liasie formation, and have been found 
‘in heaps disseminated over many miles of coast, 

‘Some readers will be surprised that we should dwell on a subject so 
dbscure, and apparently so uninteresting, as the structure of the 
fntestines of extinct reptiles. It will relieve us from this reproach to 
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of the organic apparatus, the continuity of a chain which was to all 
appearance broken? Is it not establishing the unity and visible eun- 
tinuity of design in the works of creation, through the many ages 
which have glided away? What an admirable privilege of science, 
which is able, by an examination of the simplest parts in the organi 
zation of beings which lived ages ago, to give to our minds such solid 
teachings and such true enjoyments! “ When we discover,” says Dr, 
Buckland, “in the body of an Ichthyosanrus the food which it lias 

gulphed an instant before its death, when the intervals between its 

present themselves still filled with the remains of fishes which it had 
swallowed some ten thousand years ago, or a time even twice as great, 
all these immense intervals vanish, time disappears, and we find our- 
selves, so to speak, thrown into immediate contact with events which 


9%—Skal of Pevomsaras sored, (Conybeare) 
ee cdiey men ooo 


took place in epochs immeasurably distant, as if we occupied ourselie® 
with the affairs of the previous day.” 

The name of Plesiosaurus, from the Greek words Ayes, net, 
and caipos, lizard, reminds us that this animal also is neighbour by 
its organization to the Saurians, and consequently to the Tchthyr 
sunrus. 

The Plesiosanrus presents in its structure and organs the m 
curious assemblage we have met with among the organio 


} 





ee 
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le ancient world. One author has compared it to a serpent 


under the carapace of a turtle. Let 
remark, however, that there is here 
tamapace. The Plesiosaurus has the 
lofa lizard, the teeth of a crocodile, 
ek of commensurate length and resem- 
§ the body of a serpent, the sides of 
ameleon, a trunk and a tail whose pro- 
ions are those of an ordinary quadru- 
‘and, finally, the fins of a whale. Let 
(row a glance at the remains of this 
ige animal which the earth has re- 
td, and which science has restored to us, 


Its neck includes a greater number 
ertebres than either the camel, the 
ffe, or even the swan, which of all 
feathered race has the longest neck in 
parison to the rest of the body. And 
ids it is to be remarked that, contrary 
that obtains in the maminifera, where 
vertobem of the neck are always soven, 
vertebre: in birds increases with the 
‘of the neck, 

trunk is cylindrical and rounded, 
‘that of all the great marine turtles, 
as doubtless uncovered, having neither 
“scales nor carapace in which some 
lors have clothed it, for no vestiges 
iach coverings have been found near 
tr of the skeletons which have been 
byered. The dorsal yertebre attach 


ee 








Fig. 99 —Skeleton of Plesicaauras dolichodeirus restored. (Conybeare principally.) 
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themselves one to the other by plain surfaces like those of terrestrial 
quadrnpeds, which deprives the whole of its vertebral column of much 
of its flexibility. Ench pair surrounds the body as with a gindle 
formed of five pieces, as in the chameleon and iguana; from thence, 
no doubt, as with the chameleon, great fucilities existed for the con- 
traction and dilatation of the pulmonary organs. 

The breast, the pelvis, and the bones of the anterior and posterior 
extremities concurred in furnishing appa- 
ratus which permitted the Plesiosanrus, 

ak like the Ichthyosaurus and all the living 
Cetacea, to descend into the water and 
ee return to the surface at pleasure, Pre 
= fessor Owen, in his ‘Report on British 
Reptiles,’ characterizes them as air 
/ \) ‘breathing snd oold-Hooded. animals» te 
sj proof that they respired atmospheric air 
<c fy, immediately, being found in the positin 
and structure of the nasal passages, and 
the bony mechanism of the thoracic dnet 
and abdominal cavity, In the first, the 
size and position of the external nostril, 
combined with the stracture of the paddles 
point at a striking analogy between the extinct Saurians and fhe Cea 
ceans, offering, as the Professor observes, “a beautiful example of the 
adaptation of structure to the peculiar exigencies of species.” While 
the evidence that they were cold-blooded animals is found in the 
flexible or unanchylosed condition of the osseous pieces of the oecipil 
and other cranial bones of the lower jaw, and of the vertebral column} 
from which the Professor draws the conclusion that the heart was 
adapted for transmitting a part only of the blood throngh the 
tory organs ; the absence of the ball and socket 
bones of the vertebre, the position of the nostrils near the summit of 
the head, the numerous short and flat digital bones, which must hare 
been enveloped ina simple undivided integumentary sheath, forming 


Fig, L00—Suernum and poivis, 
uh, play Tesh lca He Mom, 
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in both fore and hind extremities a fin closely resembling that of the 
living Cetsces. The tail is relatively much shorter than in the 


‘Pig. 10L-—Rewalne of Mestomarusacrocephalus One-twetftsnatara ae, 
Tehthyosourns, and there is an obvious reason for the curtailment in 
‘the length and flexibility of the neck, which renders a like length and 
flexibility in the tail unnecessary; at the same time the paddles are 
larger and more powerful, as if to compensate for absence of power in 
the tail: the latter, in short, was more calculated to act the part of a 
rudder, in directing the course of the animal through the water, than a 
propelling power, . 

‘Such were the strange combinations of form and structure in the 
Plesiosaurns and Ichthyosaurus, genera of animals whose remains 
have, after an interment extending to unknown thousands of years, 
been revealed to light and submitted to examination—nay, rebuilt, 
bone by bone, until we have the complete skeleton before us, and its 
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habits described as if they had been observed in life. Conybeare thus 
speaks of the supposed habits of this extinct form which he had built — 
up from scanty materials: “‘That the Plesiosamrns is aquatic was 
evident from the form of its paddles; that it was marine is equally 
so, from the remains with which it is universally associated ; that it 
may have occasionally visited the shore, the resemblance of its ex- 
tremities to the turtle may lead us to conjecture; its motion, how- 
ever, must have been yery awkward on land; its long neck must have 
impeded its progress through the water, presenting a striking contrast 
to the organization which so admirably fits the Ichthyosaurus for 
cutting throngh the waves. May it not, therefore, be concluded that it 
swam on or near the surface, arching back its long neck like the swan, 
and occasionally darting it down at the fish which happened to float 
within its reach? It may, perhaps, have lurked in shallow water along 
the coasts, concealed among the sea-weeds, and, raising its nostrils 
to the surface from a considerable depth, may have found a secure 
retreat from the assaults of dangerous enemies, while the length and 
flexibility of its neck may have compensated for the want of strength 
in its jaws, and incapacity for swift motion through the water, by the 
suddenness and agility of the attack they enabled it to make on evay 
animal fitted to become its prey.” 

‘The Plesiosaurns was first described by the Rey. W. D, Conyheate 
and Sir Henry de la Beche, in the ‘ Geological Society's Transactions’ 
for 1821, and a restoration of P. dolichodeirus, the most plentifal of 
these fossils appeared in the same work for 1824. The first specimen 
was discovered, as the Ichihyosaurus had been, in the lias of Lyme 
Regis; since then other individuals and species have been found in the 
+ same geological formation in various parts of England, Ireland, Frans, 
andy Gormany, and with such variations in their structure) tsb 
Professor Owen has felt himself justified in recording sixteen distinct 
species, of which we have represented P, dolichodetrus (Pig, 99), at 
restored by Conybeare, and P. macrocephalus (Fig, 101), with its skel- 
eton, as moulded from the rock of Lyme Regis, which has been placel 
in the Gallery of Palwontology of the Musoum of Natural History. 
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_ ‘The Plesiosaurus was scarcely so large as the Ichthyosaurus. ‘The 
Se at Move potelly bales 
feet in length, and some are mid to 

while there are species of Plesiosaurus measur- 

twenty. On the opposite page (Px. xv.) an 

to represent these grand reptiles of the lias in their 

saline eleméah aide they Hved 


Caviar aye of fhe Pinar, “that it presents the most 
blage of characteristics that has been met with among 
aa Sei nok neces > tala a 


ee Rhea and ito cscs) cocoa 
perfection of creation to see in an organization so 

. are which differs so notably from that of the 
days, the simple augmentation of w type, and some- 


5 greater perfection, ‘The fins of the fishes of Devonian 
ihe putes of the Tchthyosanrii and of the Plesioswnrii ; 


in the hand of the ape, becomes, finally, thé arm and 

fman ; an instrument of wonderful delicacy and power, belong- 

enlightened being gifted with the divine attribute of reason ! 

dismiss this idea of monstrosity, which can only mislead 

-eonsider the antedilavisn beings as digressions. Let us 

em, not with disgust ; let us learn, on the contrary, to read 

traced for their organization, the work of the Creator of 
well as the plan of creation. 
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‘These reflections will assist us to appreciate in its true light one of 
the most singular of the inhabitants of the ancient world, the Péero- 
dactylus, from —repév, winged, Séy7v2os, fingers, discovered in 1828, 
which made Cuvier retract what he had said of the Ichthyosaurus, and 
award to it the palm of monstrosity. Half vampire, half woodeock, 
with crocodile’s tecth along its tapering bill, and seale-armour over its 
lizard-like body, “ qualified,” says Dr. Buckland, “like Milton’s fiend, 
for all services and all elements, the creature was a fit companion for 


Fig. 102.—Prerudactyius erastvostes, 


the kindred reptiles that swarmed in the seas or crawled on the shores 
of a turbulent planet :— 


The fiend 
Orer bog, or steep, through stmit, rough, dense, or mre, 
With hend, hands, wings, or feet, pursues his way, 
And sinks, or swims, or wades, or creeps, or flies, 


“ With flocks of such-like creatures flying in the air, and shoals of 





ce ical tcl senaret bars non strangely toned’ 
‘infant days of our land.” 

‘The strange structure of this animal gaye rise to most contra 
ictory opinions from naturalists. Ono made it a bird, anothor a 
\bat, and others a flying reptile, Cuvier was the first to detect the 
truth, and prove, from its organization, that the animal was a Saurian. 
* Behold,” he says, “an animal which in its osteology, from its teeth 
to the end of its claws, presents all the charactets of the Saurians ; 
nor can we doubt that their characteristies existed in its integuments 
jand eoftar parts, in ite scales, ite circulation, its generative organs : 


Pig. 103.—Pterodactylus brevirostris, 

feet, like the birds again, and. like them it must have carried its neck 
half-erect and curved backwards, so that its enormous head should not 
interrupt its equilibrium.” This diversity of 

much surprise us after all, for it had the form 

the Iength of its neck, of the bat in the structure and proportion of 
its wings, and the reptile in the size of its head and in its beak 
armed with at least sixty pointed teeth. 
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Dr. Buckland describes eight distinct species, varying in size from 
that of a snipe to a cormorant. Of these P. erassirostris (Fig. 131) 
and P. brevirostris, were both discovered in the lias of Solenhofen. 
P. macronyz belongs to the lias of Lyme Regis. 

‘The long rows of teeth which armed the jaw, the small number of 
cervical yertebre, the narrowness of the sides, the form of the pelris, 
soparate the Pterodactyli from the birds, A brief comparison betwoen 
the structure of the head, and the wing of the bats and the correspond- 
ing parts in the Pterodactylus, equally distinguishes the latter from the 
‘dats, or flying mammifera. Its jaw, provided with conical teeth 
analogons to those of the Saurians, its narrow sides, the form of the 
pelvis, the numbers and proportions of the bones of its fingers, closely 
resemble the reptiles. ‘The Pterodactylus was, then, a reptile provided 
with a wing resembling bats, and formed, as with this mammifior, by a 
membrane which connected the body with an excessively elongated joint 
attached to the fourth finger, which thus become expansers to the 
membranous wing. Tho Pterodactylus was, as we have sean, a 
animal of small volume; the largest specimens did not exceed the size 
of the swan, and the smallest about the size of the snipe, On the 
other hand, its head was enormously disproportioned to the rest of the 
body, We cannot admit, therefore, that this animal could fly, and, like 
a bird, beat the air. The membranous appendage which connected its 
long finger to the body was rather a parachute than awing, I¢ served 
to moderate the velocity of its descent when it dropped on its prey 
from a height. Essentially a climber, it could only mise itsel? by 
climbing up tall trees or rocks, after the manner of lizards, and throw 
itself thence to the ground, or upon the lower branches, displaying. its 
parachute to break the fall, 

‘The ordinary position of the Pterodactylus was upon its two hind 
feet. It held itself firmly upright, the wings folded, and walking on 
its two hind -feet, Habitually it perched on trees: it could climb 
along rocks and cliffs, aiding itself with claws and feeb: it is even 
probable, Dr. Buckland thinks, that it had the power of swimming, so 
common with reptiles, and possessed especially by the vampire bat of 
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the island of Bonin. It is believed that the smaller species lived upon 
‘insects, and that the larger ones preyed upon fish, upon which it could 
throw itself after the manner of the sea-gull. 

‘The most startling feature in the organization of this animal is the 
strange combination of two powerful wings attached to the body of a 
reptile. The imagination of the poets had long dwelt on such a com- 
bination; the Dragon was a creation of their fancy, and it had long 
played a great part in the pagan mythology. The Dragon, or flying 
reptile, breathing fire and poisoning the air with his fiery breath, had, 
according to the fable, disputed with man the possession of the 
earth. Gods and demigods claimed, among their most famous 
exploits, the glory of having vanquished this powerful and redoubtable 
monster, From pagan fictions the Dragon passed into the poesy of 
the Greeks and Latins, and later still into that of the Renaissance, 
and to modern times. What a part did not the Dragon play in the 
verses of Tusso and -Ariosto! Consecrated by the superstition of the 
earlier peoples, transferred from pagan mythology to Greek and 
Roman poesy, and finally into the poetie fictions of the middle ages, 
the Dmgon, according to a very apposite thought of Laceptde, always 
has and ever will belong to the supernatural. 

‘The Pterodactylus is an animal which might respond to this type of 
religion, and of ancient poesy ; but we see the Dragon greatly curtailed 
in the poor, climbing, and leaping reptile which lived in Jurassic 
times. Among the animals of our epoch only a single reptile is found 
provided with wings, or digital appendages analogous to the membran- 
‘ous wings of the bats, and which can be compared to the Pterodactylus. 
‘This is called the Dragon, or Draconide, a family of Saurians, which 
has been described by Dandin, distinguished by having their first six 
ribs false, instead of hooping round the abdomen, extending in nearly 
astraight line, and sustaining a production of skin which forms a wing 
analogous to that of the Pterodactylus. Independent of the four feet 
this wing sustains the animal like a parachute as it leaps from branch 
to branch, but the creature has no power to beat the air with it as 
hirds do when flying. This reptile lives in the forests of the most 
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burning African countries, and in some isles of the Indian Ocean, 
about Sumatra and Java. The only known species is that figured 
below, which comes from the East Indies. 


Fig, 104 —Draco fmbelatus 


What a strange population was that which ocenpied the earth at 
this stage of its history, when the waters were filled with creatures 80 
extraordinary as those whose history we have traced! Plesiosaurii 
and Ichthyosaurii filled the seas, upon the surface of which floated 
innumerable ammonites in light skifls, some of them of the size of a 
good-sized cart-wheel, while gigantic turtles and crocodiles crawled 
on the banks of rivers and lakes. No mammifera, no birds had 
yet appeared; nothing broke the silence of the air, if we exept 
the breathing of the terrestrial reptiles and the flight of winged 
insects. 

‘The earth has cooled progressively up to the Jurassic period, the 
rains haye lost their continuity and abundance, the pressure of the 
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the appearance and the multiplication of innumerable species of 
animals, whose singular forms then show themselves on the earth. 
We can scarcely imagine the prodigious quantity of mollusks and 
zoophytes whose remains lie buried in the Jurassic rocks, forming 
themselves entire beds of immense height and extent. 

The same circumstances concurred to favour the production of 
plants. If the shores and seas of the period received from the formid- 
able being we have described such a terrible aspect, the vegetation 
which covered the land had also its peculiar character and appearance. 
Nothing that we know of in the existing scenery of the globe surpasses 
therrich vegetation which decorated the few continents of the period. A 
temperature still of great elevation, a humid atmosphere, and, we have 
no reason to doubt, a brilliant sun, were provocative of a Inxuriant 
vegetation, such as some of the tropical islands, with their burning 
temperature and maritimé climate, can alone give us an idea, while it 
recalls some of the Jurassic types of vegetation. The elegant Voltzins 
of the trias had disappeared, but the palms remained, whose slender 
and delicate stems rose erect in the air with their graceful panicles ; 
the gigantic rushes also remained, and thongh the tree-ferns had lost 
the enormous dimensions of the carboniferous age, they had lost none 
of their fine and delicately-cut leaves. 

Alongside these vegetable families, which remained a legacy from the 
preceding age, an entire family—the Cycadacee—present themselves 
for the first time. They soon become numerous in genera, such as 
Zamites, the Pterophyllum, and the Nilsonias. Among the numerous 
species which characterize this age, we may cite the following, arranging 
them in families :-— 

wens. excapem, 


Oilontopteris cycades. —-Zamites distans. 
‘Taumopteris Munsteri, -Zamites heterophyllus, 
‘Camptopteris crenata, i 


‘Zamites grocilis. 
Pterophylinm dubium, 
Nilaonia contigna, 
Nileonia clegantissima. 
Nilsonin Stermbergii.. 
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The Zamites, trees of elegant appearance, seem to be forerunners 

of the palms, which will mako their appearance in the following epoch, 
. closely resembling the existing Zamias, which are trees of tropical 
America, and especially of the West India islands; they were so 
numerous in species and in individuals that they seem to have formed 
hy themsolves alone one half of the forests during the period which 
engages our attention. The number of their fossilized species exceed 
in number the living species, ‘The trank of the Zamites, simple and 
covered with scars left by the old leaves, supports a thick crown of 
leaves more than six fect in length, a | 
ing froma common centre. 

The Pterophyllum were great trees, of considerable. 
with large pinnated leaves from top to bottom. 
thin and membranaceons, were furnished with leaflets truncated at the 
summit and traversed by fine neryures, not convergent, but abutting on 
the terminal truncated edge. 

The Nilsonia, finally, were Cycadacem resembling the Pterophyllum, 
Int with thick and coriaceons leaves, and short leaflets contiguons to, 
and in part attached to the base; they were obtuse or nearly truncated 
at the summit, and would present nervares arched or confluent towards 
that summit, 

The essential characters of vegetation during the lias sub-period wer, 
1, The great predominance of the Cycadacem, thus continuing the 
development which commenced in the previous period, expanding into. 
numerous genera belonging both to this family and that of the 
Zamites snd Nilsonias; 2. The existence among the ferns of 
many genera with reticulated veins or nervares, and under forms 
of little variation, which scarcely show themselves in geal 
ancient formations. 

On the opposite page (Pr. xv1) is an ideal landscape of 
period ; the trees and shrubs characteristic of the age ire th 
Pterophyllum, which appears in the extreme left of the 
Zamites, which are recognizable by their thick and low trunk and fim- 
like tuft of folinge, The great horses-tail, or Equisetew of this epoch 











XYV1.—Idea! landscape of the Liasle Peri, 
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mingle with tho great treo-ferns and the cyprus, a conifer congenerous 
to those of our age. Among animals we sco the Pterodactylus 
specially represented. One of these reptiles is seen in a state of 
repose, resting on its hind fect. ‘The other is represented, not flying 
after the manner of a bird, but throwing itself from a rock in order to 
seize upon a winged insect, the dragon-fly (Libellule). 
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Oonrtic Sup-reniov. 

‘This period is so named because many of the limestones entering into 
the composition of the formations it represents originate almost 
entirely in an aggregation of rounded concretionary grains of singular 
appearance, resembling the roe or eggs of certain fishes, each of 
which is a nucleus of sand, round which concentric layers of limestone 
have accumulated ; hence the name, from dév, egg, ubos, stone. 

‘The Oolite is usually subdivided into threo sections, the Lower, 
Middle, and Upper Oolite. These rocks form in England a band 
some thirty miles broad, ranging across the country from Yorkshire, 
in the north-east, to Dorset, in the south-west, but with a great 
diversity of mineral character, which has led to a further subdivision 
of the formation derived from particular beds in the central and south- 
western counties :— 

Lower: 1, inferior oolite; 2, fullers’ earth; 3, Stonesfield slate; 

4, Cornbrash, or Forest oolite. 

Middle: 1, Oxford clay; 2, coral rag, 

Upper: 1, Kimmeridge clay ; 2, Portland stone; 3, Purbeck 

stone. 

‘The alternations of clay and limestone to the lias and vdlite forma- 
tions give some marked features in the outline both of France and 
England: broad valleys, separated from each other by limestone 
ranges of hills more or less elevated. In France, the Jura moun- 
tains are composed of them ; in England, the slopes of this formation 
are more gentle—the valleys are intersected by brooks, and clothed 
with rich vegetation : it forms what is called a tame landscape, as 
compared with the more savage grandeur of the primitive rocks—it 
pleases more than it surprises. It yields materials, also, more usefal 
than some of the older formations, numerous quarries being met with 
which furnish excellent building materials, especially at Bath, where 
the stone is at first soft and easily fashioned, becoming hard on 
exposure to the air. 
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The annexed section will give some idea of the configuration which 


the stratification assumes, such as may be ob- 
served in proceeding from the north-east to 
the south-west, from the banks of the Ouse 
to Carmarthenshire, 


» Lower Oorrre Fauna. 

‘The most salient and characteristic feature 
‘of this age is undoubtedly the appearance on 
the earfh of animals belonging to the class of 
cial, of the first of the mammalia will certainly 
‘be matter of astonishment to the reader, and 
must satisfy him that nature proceeded in the 
creation of animals by successive steps, by 
transitions which, in a manner almost imper- 
ceptible, connects the beings of one age with 
others more complicated in their organization. 
‘The first mammifers which appear upon the 
earth, for example, did not enjoy all the organic 
attributes belonging to the more perfect crea- 
tions of the class. In this great class the 
young are brought forth living, and not from 
eggs, like birds, reptiles, and fishes. But the 
first mammifers which God placed on earth 
were not 60 organized ; they belonged to that 
order of animals quite special, and never nume- 
tous, which only deposits a gelatinous mass 


containing at once the egg and the young ¢ 


animal; in short, marsupial animals. The 


mother nurses this mass during a certain time 4 
ima sort of pouch in the neighbourhood of the | 


abdomen. After a sojourn more or less pro- 
Jonged in this pouch, and under the infu- 


‘TC illatone grit; ky coal measures; A maxgesia Timestone ; iy new red aandstowe j ny Uns; ¢ 
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ence of maternal warmth, the perfect animal bursts its bonds, and 
enters into life and light; a sort of middle course between oviparous 
generation, in which the animals are hatched from eggs after ex- 
clusion from the mother’s body, like birds, and viviparous, in 
which the animals are brought forth alive, as in the mammalia. 

Tn classical works of natural history the animals under consideration 
are ranged as mammiferous didelphew. They are brought forth in an 
imperfect state, and during their embryonic life the connection with 
the visceral cavity is maintained by the bones called marsupial, which 
are attached by their extremities to the pelvis, whence they are called 
marsupial mammatia, The opossums, kangaroos, and Ornithorhynchus 
are the actual representatives of this group. 

Thename of Thylacotherium, or Amphitherium, or Phascolotherium, 
is given to the first of these marsupial mammifers which made their 
appearance, whose remains haye been discovered in the lower oolita, 
and in its most recent stage, namely, that called the great colite. 
Fig. 107 represents the jaw of the first of these animals, and Fig. 108 
the other—both of the natural size. Thege jaw-bones represent all 
that has been found belonging to these early marsupial animals, and 


Fig. 161 Jaw of Thylcotbertam Prevestt Fig. 108 —Jow of Phugovlotheruen. 


Baron Cuvier and Professor Owen have both decided as to their origin. 
The first was found in the Stonesfield quarries. The Phascolo- 
therium, also  Stonesfield fossil, was the ornament of Mr, Broderip's 
collection. The animals, which lived on the land during the lower 
oolitic period, would be nearly the same with those of the lias, The 
‘insects were perhaps more numerous, 

‘The marine fauna included reptiles, fishes, mollusks, and zoophytes. 
Among the first were Pterodactylus, and a great Saurian, the Toleo- 
saurus, belonging to a family which made its appearaneo in this 
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age, and which reappears in the following epoch. Among the fishes, 
the Ganoids and Ophiopsis predominate. Among the Ammonites, 
Ammonites Humphrysianus, A. bullatus 
(Fig. 109), A. Brongniarti, Nautilus line- 
atus, and many other representatives of 
the cephalopodous mollusks. Among the 
Brachiopodes are Terebratula digona 
(Fig. 110) and spinosa, Among the Gas- 
teropodes, Plewrotomaria conoidea is ™* "tat" 
remarkable for its elegant shape and markings, and very unlike any 
of the living Pleurotoma as represented by P. Babylonia. Ostrea 
Marshit and Lima proboseidea, which belong to the Acephala, are 


3NcPeree 
Tila igo 


Fig. 111.—Pleurotoma Babylonia, 


fossil mollusks of this epoch, to which also belong ntalophora cellari- 
vides, Eschara Ranviliana, Bidiastopora cervi-cornus ; elegant and 
characteristic molluscous Bryozoares. We give a representation of 
two living species, as exhibiting the form of these curious products. 
The Echinoderms and Polypiors appear in great numbers in the 
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deposits of the lower oolite: Apiocrinus elegans, Hybaclypus 
pete Dips: Entel sina Sas Montlivaltia carye- 


Hig. 111—Advous foliters, 


phyltata, Anabacia orbulites, Cryptocenia baceeformis, and Eunomit 
radiata represent the second. 

‘This last and most remarkable species of zoophyte presents itself in 
great masses many yards in circumference, and indicates an acctumt- 
lation requiring myriads of the animal, and necessitates a long sen 
of ages for its production, ‘This reunion of little creatures living 
under the waters, but only at a small depth beneath the surface, 08 
Mr. Darwin has demonstrated, has nevertheless produced banks, or 
rather islets, of considerable extent, which at one time constitulal 
veritable reefs rising ont of the ocean. These reefs were principally 
constructed in the Jurassic period, and their extreme abundance is one 
of the characteristics of this geological age. ‘The same phenomenon 
continues in our day, but by a new race of zoophytes, which carry ott 
their operations, preparing a new continent, probably, in the alole of 
the Pacific Ocean. 
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The flora of the epoch was very rich. ‘The Ferns continue to figure 
sre, Int the size and bearing were sensibly inferior to what they had 
m inthe preceding period. Among them Otopteris, distinguished for 
simply pinnated leaves, whose leaflets aro auriculate at the base: of 





fee 


Fig. 1841, Otopteris dubia; 3, Otopters obtnsa; 2, Owpteris acuminata; 4, Oteplers ennai 





6 five species, 1, 0. dubia; and 2, O. obtusa; and 3, O. acuminata ; 
d 4, O. cuneatea, are from the oolite, In addition to these we 
by name Conipleris Murrayane, Pecopleris Desnoyersii, Pachypteris 
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Tanceclata,and Phisbopteris Phillipii ; and among the Lyeopodinces, 
Lycopodus fuleatus. 

‘The vegetation of this epoch has a peculiar physiognomy, from the 
presence of the family of the Pandanacem, or screw-pines, so remark 
able for their aerial roots, and for the magnificent tuft of leaves which 
terminates their branches. Neither the leaves nor the roots of these 
plants have, however, been found in the fossil state, but we possess 
specimens of their large and spherical fruit, which leaves no roam for 
doubt as to the nature of the entire plant, 

‘The Cycadacew were still represented by the Zamias, and by many | 
species of Pterophyllum, ‘The Conifers, that’ grand family of modem 
times, to which the pines, firs, and other trees of our northern 
forests belong, began to occapy an important part in the world’s 
vegetation from this epoch. ‘The first conifers belonged to the genera of 
Thuites, Taxites, md Brachyphyllum. ‘The Thuites were trae Thuyas, 
evergreen trees of the present epoch, with compressed branches, smi 
imbricated and serrated leaves, somewhat resembling the cypress, but 
distinguished by many points of special organization. ‘The Tastes 
have been referred, with some doubts, to the yews. Finally, the 
Brachyphyllum were trees which, according to the characteristics of 
their vegetation, seem to have approached nearly to two existing 
genera, the Artholazis of Tasmunia, and the Weddringtonias of South 
Afries. ‘The leaves of the Brachyphyliam aro short and fleshy, 
inserted by a large and rhomboidal base, 


Lower Oore Rocks. 

The formation which actually represents the lower oolite, and 
which in England attains an average thickness of from five to six 
hundred feet, forms a very complex system of stratification, which 
includes the two formations of Bajocien and Bathonian, adopted by 
M, D’Orbigny and his followers, ‘The lowest beds of the inferior 
oolite occur in Normandy, in the Lower Alps (Basses-Alps), in the 
neighbourhood of Lyons. They are remarkable near Bayeux for the 
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variety and beauty of their fossils: the rocks are composed principally 
of limestones—yellowish, brown, or red, charged with hydrate of iron, 
often oolitic, and reposing on calcareous sandy gravel. These deposits 
are surmounted by alternate layers of clay and marl, blue or yellow— 
the well-known fullers’ earth; so called because it is employed to 
extract the grease employed in the manufacture of woollen fabrics. 
‘The second stratum of the inferior oolite, which attains a thickness of 
one hundred and fifty to two hundred feet on the coast of Normandy, 
and is well developed in the neighbourhood of Caen and in the Jura, 
has been divided into four series of beds, in an ascending scale :— 

1, The Great Oolite, which consists principally in a very charac- 
teristic oolitic limestone of fine grain, white, soft, and well developed 
at Bath, and also at Caen in Normandy. At the level of the great 
oolite the Stonesfield beds occur, in which were found the bones of the 
marsupial mammifera, to which we have already alluded, and along 
with them bones of reptiles, principally Pterodactyli, together with 
some finely-preserved fossils of plants, fruits, and insects, 

2, Bradford Olay, which is a bluish marl, containing many fine 
encrinites, but which have only a local existence, such fossils appear- 
ing to be almost entirely confined to limestone formations. “In this 
case, however,” says Lyell, “it appears that the solid upper surface of 
the great oolite had supported for a time a thick submarine forest of 
these beautiful zoophytes, until the clear and still water was invaded 
by a current charged with mud, which threw down tho encrinites, and 
broke most of their stems short off near the point of attachment, the 
stumps still remaining in their original position,” 

3. Forest Marble, which consists of an argillaceous shelly limestone, 
abounding in marine fossils, and sandy and quartzose marls, quarried 
in the forest of Wichwood, in Wiltshire. 

4. The Cornbrash (wheatlands), formed of the broken limestone, 
or calcareous sandstone, which covers the fields appropriated to the 
cultivation of certain cereals; hence its name, 

The lower oolite ranges over great part of England, but “attains 
its maximum in the neighbourhood of Cheltenham, ihere it can be 
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subdivided into three-parts. Passing north, the two lower divisions, 
each more or less characterized by its own fossils, disappear, and the 
ragstone north-east of Cheltenham lies directly on the lias, apparently 
as conformably as if it formed its true and immediate successor. In 
Dorsetahire, on the coast, the series is again perfect, though thin. Near 
Chipping Norton, in Oxfordshire, tho inferior oolite disappears alto- 
gether, and the great oolite, having first overlapped the fullers’ earth, 
passes across the inferior oolite, and in its turn seems to lie on the 
upper lins with a regularity as perfect as if no formation in the neigh- 
bonrhood came between them. In Yorkshire the changed type of the 
inferior oolite, the prevalence of sands, land-plants, and beds of coal 
leave no doubt of the presence of terrestrial surface on which the 
plants grew; and all these phenomena lead to the conclusion that 
various and considerable oscillations of level took place in the British 


Fig. 118,—Meandring 


detain, 
‘acentite Higure redoued 5 0, portion, natural ain 


area during the deposition of the strata, both of the inferior oolite ond 
the formations which immediately succeed it,” 
The inferior oolite here alluded to is a thin bed of calearcous free 
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‘stone, resting on and sometimes replaced by yellow sand, which 
oolite, at the base of which lie the Stonesfield slates, a shelly limestone, 
flagstones some six feet thick, rich in organic remains, which ranges 
over Oxfordshire and towards the north-east. At Colley Weston, in 
Northamptonshire, fossils of Pecoptoris polypodioides aro found. In 
the great oolite formation, near Bath, are many corallines, among 
which Eunomia radiata is conspicnons. Tho fossil is not unlike the 
brain coral of the tropical seas. The work of this coralline seems to 
have been suddenly stopped by “an invasion,” says Lyell, “of argil- 
laceous matter, which probably put a sudden stop to the growth of 

i and led to their preservation as marine strata,” 
‘The Cornbmsh passes down to the forest marble, sometimes, as at 
Bradford, near Bath, in massesof clay. Rippled slabs of fossil oolite, 
used as a roofing slate, may be traced over a broad band of country in 
Wiltshire and Gloucestershire, separated from each other by seams 
of clay, in which the undulating ridges of the sand are preserved, 
| and even the footmarks of small ernstaceans are still visible. 


‘On the opposite page (Px. xvi) is represented an ideal landseape 
during the period of the lower oolite, On the shore are types of the 
vegetation of the period. The Zamites, with its large trank covered 
with fan-like leayes, resembled in form and bearing the Zamias of 
tropical regions ; a Pterophyllwm, with its siem covered from base to 
summit with its finely-cut feathery leaves; conifers closely resembling our 
cypress, and an arboreseent fern. What distinguishes this sub-period 
from that of the lias is a group of magnificent trees, Pandanus, re~ 
markable for their aerial roots, their long leaves, and globular fruit, 

Upon one of the trees of this group the artist has placed the 
Phasoolotheriwm, not very unlike to our opossum. It was the first 
of the mammalia which gave animation to the ancient world. The 
artist has here enlarged the dimensions of the animal in order to seize 
the form; let the reader reduce it in his thoughts to one-sixth, for it 
was not larger than an ordinary-sized cat. 
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A crocodile and the fleshless skeleton of the Ichthyosaurns remind 
us that reptiles still occupied an important place in the animal crea- 
tion. A few insects, especially dragon-flies, fly about in the air. 
Ammonites float on the surface of the waves, and the terrible Plesio- 
saurns, likea gigantic swan, swims about in the sea. The cirenlar reef 
of coral, the work of ancient polypi, foreshadow the atols of the great 
ocean, for it was during the Jurassic period that the polypiers of the 
ancient world were most active in the production of coral reefs and 
islets. 


Movte Oourre. 

The terrestrial flora of this age was composed of ferns, eyeadaces and 
conifers. The first represented by the Pachypteris microphylla, the 
second by Zamites Moreana. Brachyphyllum Moreanum ond majus 
appear to have been the conifers characteristic of the period : fruits 
have also been found in the rocks of the period, which appear to belong 
to the palma, but this point is still obscure and doubtful. 

Numerous vestiges of the fanma which animated the period are also 
revealed in the rocks of the period. Certain hemipterous insects 
appear on the earth for the first time, and the bees among tho 
Homenoptera ; butterflies among the Lepidoptera, and dragon-flies 
among the Neuroptera. In the bosom of the ocean, or upon its banks, 
roamed the Ichthyosaurus, Pterodactylus crassirostris, the Pla- 
rorostrus and Geosaurus; the two latter beings very imperfectly 
Inown. 

Another reptile congenerous to the Pterodactylus lived in this epoch. 
Tt was the Ramphorynchus, and was distinguished from the former by 
along tail. ‘Tho imprints which this curious animal has left upon the 
sandstone of the period indicate at once the impression of its feet and 
the linear furrow left by its tail. Like the Ptorodactylus, the Ram- 
phorynchus, which was about the sizeof a crow, could not precisely fly, 
but, aided by the natuml parachute formed by the membrane eon- 
necting the fingers and the body, it could throw itself from a height 
npon its prey. Fig, 116 represents this animal restored. The fool- 
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lrints in the soil are those which always accompany the remains of 

e Ramphorynchus in the oolitic rocks, and they show the imprints 
-ioa‘ol fb aletine antl ponteror fot and thal! 

Another family of reptiles appear in the middle oclite, of which we 


rete to tastes of So Lnghan ot 
‘eptune, armed to the teeth and clothed in an impenetrable panoply ; 

he true filibusters of the primitive seas.’ 
‘The Teleosaurns has an anatomical resemblance to the Gavials of 
ia. ‘They inhabited the banks of rivers, perhaps the sea itself: 


ey were longer, more slender, and more active than the living species ; 
ey were about thirty feet in length, of which the head may be from 


ears, sometimes with an opening of six feet, through which they can 
‘engulph, in the depths of their enormous palate, animals of the size of 
‘ati OX. 

On the opposite page (Px. xvi.) the Teleosawrus cadomensia is 
represented, after the sketch of M. E, Deslongchamps, carrying from the 
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sea in its mouth a Geotheuis, a species of calmar of the oolitie epoch. 
This creature has the curious peculiarity of being cuirassed both on 
back and belly. In order to show this peculiarity, a living individual 
is represented on the shore, and adead one is floating on its back in 
shallow water, leaving the ventral cuirass exposed. 

Behind Teleosawrus cadomensis in the engraving, another Saurian, 
the Hyleosaurus, is represented, which makes its appearance in the 
eretaceous epoch. We have here adopted the restoration which has 
been so ably executed by Mr. Waterhouse Hawkins, at the Crystal 
Palace, Sydenham. 

Besides the numerous fishes with which the oolitie seas swarmed, 
they contained some Crustaceans, Cirropodes, and various genera of 
Mollusks and Zoophytes. Eryon aretiformis, represented in Fig, 
117, belongs to the class of Crustaceans, of which the spiny 


Fig. 17. —Bryoo arctiformla, Fig 18 Perfect: Amante, 


lobster is the type. Among the Mollusks were some Ammonites, 
Belemnites and Oysters, of which 123 species have been described, 
twenty-three of which are common tothe Oxford clay and the Cornbrash 
which lies at the top of the preceding section, and 106 limited to the 
Oxford clay. Of theso we may mentionAmmonites rafractus, Jason 
and cordatus, Ostrea dilatata, Terebratula diphya, Diceras arielana, 
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hastatus, and Puzosianus, In some of the finely-laminated 

the ammonites are very perfect, but somewhat compressed, with 

Tnteral Tobe, as in Fig. 118. Similar clongations belong to some 
Belemnites discovered by Dr. Mantell in the Oxford clay. 

Among the Echinoderms, Cidaris glandifirus and. Apioerinus 


‘of the upper extremity of the pear-shaped head ; 4, a vertical section 
‘showing the enlargement of the alimentary canal, with the hollow 
Tenticnlar spaces which descend through the axis of the column, 
forming the joints, and giving clusticity and flexure to the whole 
‘Stem, without risk of dislocation. 4. rofwndis is found at Bradford 
im Wiltshire, Abbotsbury in Dorset, at Soissons and Rochelle. *'This 
sspecies—known as the Bradford Pear Encrinite—is only found in the 
fossil state, and in strata above the lias, : 

The Polypiers of this epoch occur in great abundance, but it is 
chiefly during the oolitie period that they seem to have been formed. 
We have already remarked that these aggregations of Polypiers are 
‘often met with at great depth in the soil. These small calcareous 
‘structures have been formed in the ancient sens, and the same pheno- 
amena is extending the terrestrial surface in our days in the seas of 
‘Oceania, where reefs and atols of coral are rising by slow and imper- 
ceptible steps, but with no less certainty, Although their mode of 
production must always remain to some extent a mystery, the 
Gnvostigations of M. Lamaronx, Mr. Charles Darwin, and M. D'Orbigny 
have gone « long way towards explaining their operations; for the 
‘zoophyte in action is an aggregation of these minute polypi. Describing 
‘what he believes to be a sea-pen, Virgularia Patagonia, Mr. 
Darwin says: “The zoophyte consists of a thin, straight, fleshy stem, 

alternate rows of polypi on each side, and surrounding an elastic 

tony axis. ‘The stem at one extremity is truncate, but terminates at 

other ina vermiform fleshyappendage. The stony axis which gives 
Q 
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strength to the stem may become at this extremity a 


where it is naturally slightly curved ; and I imagine it is 
elasticity alone that the zoophyte is enabled to rise again fr 
mud. Fach polypus, though closely united to its brethren, 


obscure circulation.” Such is the brief account given by a 
observer of these singular beings. They manipulate the 
matter held in suspension in the oceanic waters and 


calcareous banks have been in course of formation during 

ages, They just reach the lovel of the waters, for the 

soon.as they are so far above the surface that neither the: 

flow of the tides can reach them, In the oolitic rocks these 
. frequently found from twelve to fifteen fect thick, and many leagoet 
in length, and preserving for the most part the relative positions which 
they occupied in the sea while in course of formation, 

‘Tho rocks which now represent the middle oolitic period are uanally 
divided into the Ozford elay, the lower member of which is an aremik 
secin Tinlons, know 9a the Kelle core a v 
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of La Manche, which are popularly known as the Vaches Noires, 
cows—a locality celebrated also for its fine ammonites trans- 
formed into pyrites. 

‘The Oxford clay constitutes the base of the hills in the neighbour- 
of Oxford, forming a bed of clay sometimes not less than five 
hundred feet thick. Tt is found well-developed in France, at Trouville, 
in the department of the Calvados, and at Neuvisy, in the department 
of the Ardennes, where it attains a thickness of about three hundred 
feet. It is bluish, sometimes whitish limestone, often argillaccous and 
Bluish marl. The coral rag takes its name from this fact—that the 
limestone of which it is chiefly composed consists of an aggregation of 
mumerous fragments of corals, and of polypiers entire or in a mass, 
fand sometimes of enormous mames of polypiers; in short, beds of 
petrified coral, not unlike that in progress in the Pacific Ocean, sup- 
posing them to be covered up for ages and fossilized, This coralline 
‘stratum extends through the chalky hills of Berkshire and North Wilts, 
and it occurs again near Scarborough. In Franco it is found in the 
dépariments of the Meuse, of the Yonne, of ‘the Ain, of the Charente- 
inférieure. In the Alps the Dueras limestone is regarded by most 
geologists as coeval with the English coral rag. 


Urrsn Ooxrre. 
Some marsupial mammifers, have left their remains in the uppor 


sued their flight in the- meadows or hovered on the surface of the 
water, Of these animals, however, too little is known for us to 
“ a2 
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give any very precise indication on the subject of their 
cath 


‘The most remarkable fact which occurs in this period is the appear 
ance of the first bird, Hitherto the Mammalia, and these only impar 
fectly-organised species, namely, the marsupials, have alone appeared, 
Tt is interesting to witness birds appearing immediately after, In 
the quarries of lithographic stone at Solenhofen, the remains of 
a bird, with fect and feathers, have been found, but without the 
head. These curious remains are represented in Fig. 119, in the 
position in which they were discovered. It is usually designated 
the bird of Solenhofen. 


mn 
Fig, 19-—Bird of Solenhoten (Archeoptery2). - 


‘Tho oolitic seas of this section contained fishes belonging to the” 
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genera of Asterocanthus, Strophodes, Lepidotus, and Microdon, The 

mollusks were not numerous, the predominating genera 
belonged to the lamellibranches and to the gasteropodes, which 
lived near the shore. ‘The reef:making madrepores or corallines 
‘were more numerous. A few zoophytes in the fossil state testify to 
the existence of these extraordinary animals. The fossils character- 
istic of the fauna of the period include Ammonites decipiens and 
giganteas, Nutica elegans and hemispheriea, Ostrea deltoidea and 
virgula, Trigonia gibbosa, Pholadomya multicostata and acuti- 
costala, Terebratula subsella, and Hemicidaris Purbeckensis. Some 
fishes, turtles, paludines, physas, unios, pliorbis, and the little 





Pig, 120-—Shell of Planorbis cornews, 


erustacean bivalves, the Cyprises, constituted the fresh-water fauna of 

the period. The forms of some of these are represented in the margin. 
‘The terrestrial flora of the period consisted of Ferns, Cycadacea:, and 

Conifers; in the ponds and swamps some — 

Zosteras. The Zosteras are monocotyle- ) 

donous plants of the family of the Naidacew, 

which grow in the sandy mud of mari- Me \2—shatet tom 

time regions, forming there, with their long, 

narrow, and ribbon-like leaves, vast prairies of the most beautiful green. 

At the low tide theso masses of verdure appear somewhat exposed. 





“pony aniteg sod, ay Jo advospam wot" 
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and virgula that, “near Clermont in Argonne, a few leagues from 
St. Menehould,” says Lyell, “where these indurated marls crop ont 
Deneath the gault, I have seen them (Gryphea virgula) on decom- 
posing leave the surface of every ploughed field literally strewed over 
‘with this fossil oyster.” 

‘The second section of this series consists of the oolitic limestone of 
Portland, and in the cliffs of the Purbeck beds in the little peninsula 
of Dorset, formed of alternate beds of marine and fresh-water formation, 
yielding fossil remains which enable us to reconstruct the fresh-water 
fauna and flora. The laenstrine deposits consist principally of Cypris 
in petrified limestone. 

The Isle, or rather peninsula of Portland, lying off the Dorset 
coast, rises considerably above the sca level, presenting on the side of 
the port a bold line of cliffs, connected with the mainland by the 
Chesil bank, an extraordinary formation, consisting of shingles and 
pebbles loosely piled onthe blue clay and stretching ten miles west- 
ward along the coast, The quarries occupy the north part of the 
island. The story told of this remarkable island is an epitome of the 
revolutions the surface of the earth has undergone. The quarries are 
situated on the north side of the island, The beds which occupy the 
summit of the oolite are of a dark-yellowish colour ; they are burnt in 
the neighbourhood for lime, The next bed is of a whiter and more 
lively colour. Tt is the stone of which the portico of St. Paul's and 
many of the houses of London built in Queen Anne's time were built. 
‘The building-stone contains fossils exclusively marine. Upon this bank 
rests a bed of limestone formed in Incustrine waters. Finally, upon this 
bed rests another bed of bluish substance: this is a bed of very well~ 
preserved vegetable carth or emus, quite analogous to our vegetable 
soil, of the thickness of from fifteen to eighteen inches, of a blackish 
colour ; it contains a strong proportion of ligneous earth; it swarms 
with the silicified remains of conifers and other plants, analogons 
to the Zamias and Cycas: this soil is known as the dirt-bed. The 
trunks of great numbers of silicified trees and tropical plants are 
fonnd here erect, and their roots fixed in the soil, and of species difler- 
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doubt, be the memorial of many thousand years or centuries, because 
eagles et nei Aap 
which many a tropical forest has 
left of its existence ever since [/ 
the ground on which it now 
Stands was first covered with its 
shade.” 

This bed of vogetable soil is 
then at the summit of that long 
and complicated series of beds 
which constitute the Jurassic 
period ; these ruins, still vege- 
fable, remind us forcibly of the coal-beds, for they are nothing else 
than a Jess advanced state of that kind of vegetable fossilization 
which was perfected on such ar immense scale, and during an infinite 
Jength of time in the coal period. 


‘The Purbeck beds, which are sometimes subdivided. into lower, 
middle, and upper beds, are fresh-water formations, intimately con- 
nected with the upper Portland beds, But there they begin and end, 
Being searesly recognizable except in Dorsetshire, in the sea-clifls of 
which thoy were first studied, They are finely exposed in Durdle- 
stone Bay, near Swanage, and at Lulworth Cove on the same coast. 
The Jower’ beds consist of a purely fresh-water marl, eighty fect 
thick, containing shells of Cyprises, Limnca, and some Sérpula in a 
bed of marl of brackish water, and some Oypris-beating shales, 
strangely broken up ab the west end of the Tale of Purbeck. 

The middle series consists of twelve fect of strata known as the 
*‘einder-beda,” formed of a vast accumulation of Ostrea distorta, 
resting on fresh-water strata full of Cypris fasoiculata, Planorbis and 
Limnza, by which this strata has been identified as far inland as the 
yale of Wardour in Wiltshire. Above the cinder-beds are shales and 
Timestone, partly of fresh water and partly of brackish origin, in which 
are fishes, many species of Lepidotus, and the crocodilian reptile, 
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The upper beds are purely fresh-water strata, abont fifty fect thick, 


containing Paludina, Physa, Limnea, all very abundant, In these 
beds the Purbeck marble, formerly much used in the ornamental 
architecture of the old English cathedrals, is quarried, 


A few words, in explanation of the term colite, applied to this sub- 
period of the Jurassic formation, Tn a great numbor of rocks ofthis 
series the elements are neither erystalline nor 


as we have already said, oolitie; that is to eay, they have the form of 


the eggs of certain fishes. The question naturally enough arises, 
Whence this singular form assumed by certain rocks in their elementary 
form? Sometimes it is averred that the grains are fishes’ eggs petri- 
fied : sometimes, that they are formed of the eggs of aquatic flies or 
crustaceans in a like condition: again, it is asserted that the grind 
ing action of the sea acting upon the precipitated limestone produces 
rounded forms analogous to the grains of sand which cover the oolitie 
regions. These hypotheses may be well founded in some cases, The 
marine sediments which are deposited in some of the warm bays of 
Teneriffe are found to take the spheroidal granulated form of the 
oolite, But these local facts cannot be made to apply to the®whols 
extent of the oolitic formation. We must, therefore, look farther for 
an explanation of the 

Tt is stated that if the cascades of Tivoli, forexample, ext give Bl 
to the oolitic grains, the same thing happens in the quietest basins: 
in the stalactitie caverns, oolitie grains develop themselves, which 
afterwards acquire a clammy feeling, from the continued bat 
ailluence of the calcareous waters giving birth to a certain species of 
oolitic rock. 

On the other hand, it is stated that tubercles, more or Jess seanty, 
develop themselves in the marl in consequence of the concentration of 
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_ the calcareous elements, without the possibility of any flow of water 
or any other imaginable cause intervening between the oolites and the 
various-sized grains; from which it would almost appear that the 
oolites are equally the product of concentration, 

Finally, from research to research, it is found that the oolite per- 
fectly constituted—that is to say, in concentric beds, as in the Jurassic 
Jimestone,—develops itself in vegetable earth where the assistance of 
flowing water is not more admissible than in the preceding instance. 

‘Thus we arriye at the conclusion, that if nature sometimes forms 
and finishes her crystals in her workshop in the course of solidification, 
she gives birth also to spheroidal forms surrounding various centres, 
which are sometimes spontaneous and in other cases the débris of 
fossils, or even of simple stony objects. Nevertheless, all mineral 
substances are not alike calculated to produce oolitic grains; putting 
aside some particular cases, this property is reserved for limestone 
and oxyde of iron, 


In respect to the distribution of the Jurassic formation on the terres- 
trial globe, it may be stated that in France the Jura mountains are 
almost entirely composed of theso rocks, the several series of beds 
being all represented in them: this circumstance, in fact, induced Yon 
Humboldt to name the formation after this range, The upper lias 
also predominates in the Pyrenees and in the Alps; it exists in 
Spain, in many parts of Northern Ttaly, in Russia, notably in’ the 
government of Moscow, and in the Crimea; but it is in Germany 
where it occupies the most important place. A thin bed of oolitie 
limestone presents at Solenhofen, in Bavaria, a geological repository 
‘of great celebrity, containing fossil plants, fishes, insects, crustaceans, 
‘with some Pterodactyli, admirably preserved : it yielded also the first 
‘of the feathered race. The fine quarries of lithographic stone at 
aoe 80 celebrated all over Fees belong to the Jurassic 


dm exceed Stab Shope socka Taya been Onda 
India; they contribute largely to the formation of the massive Hima- 
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Tae name Crelaceous is given to this epoch in the history of our globe 
because the rocks deposited by the sea during the period are almost 
atirely composed of chalk or carbonate of lime. 

Chalk, however, does not now appear for the first time as a part of 
the terrestrial crust; we have already seen limestone intervening 
‘among the terrestrial materials in the Silurian period ; the Jurassic 
formation is composed of carbonate of lime in most of its beds, and 
these beds are enormous in number as well as extent: if appears, 
herefore, that in the period called Oretaceous, chalk was no new 
a in the constitution of the globe; and if geologists have been 
to give this name to the period, it is because it accords better than 


‘We have already endeavoured to establish the origin of chalk, in 
sspenking of the Silmian and Devonian periods, but it may be useful to 
‘recapitulate the facts, even at tho risk of repeating ourselves, 

We have said that lime was in all probability brought to the aurfuce 
dy thermal waters flowing abundantly through the fissures, disloca~ 
tions, and fractures in the soil, creatod by the progressive cooling of 
the globe; the cental nucleus being the grand reservoir and source of 
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‘nature, a romantic conception invented to please the imagination, or 
to explain a system—the time is past when geology could be con- 
sidered as the romance of natnre—nor has what we advance the 
ebaracter of an arbitrary conception, One is no doubt struck with 
surprise on learning for the first time that all the limestone rocks, all 
the calcareous stones which have been employed in the construction 
of our dwellings, our cities, our castles and cathedrals throughout the 
historic period are deposits of the seas of the ancient world, and were 
originally only an aggregation of the shells of mollusks, or the débris 
of the testaceons covering of foraminifers and other zoophytes—nay, 
that they were abstracted from the water itself, and manipulated by 
these minute creatures, and that this would appear to have been the 
great object of their creation in such myriads. Whoever will take 
the trouble to observe, and reflect on what he observes, will find all 
his doubts vanishing. Examine the chalk with a microscope, he will 
find that it is composed of a mass of débris of numerous zoophytes, of 
minute ammonites, of divers kinds of shells, and, above all, of fora- 
minifera so small that their very minuteness seems to haye ren- 
dered them indestructible, A hundred and fifty of these small beings 
placed end to end will only occupy the space of about the twelfth 
part of an inch. 

Much of this curious information was unknown, or at least only 
suspected, ‘when Ehrenberg began his microscopical investigations, 
From small samples of chalk reduced to powder, placed upon the object- 
glass, and subjected to the microscope, Ehrenberg prepared the designs 
which we reproduce from his learned mierographieal work, in which 
some of the elegant forms discovered in the chalk are illustrated, 
greatly magnified. Tig. 124 represents tho chalk of Meudon, in 
Frunce, in which ammonites and other forms appear. Vig. 125, from 
the chalk of Gravesend, contains similar objects. Fig. 126 is a 
sample of chalk from the island of Moén, in Denmark ; and Fig. 127, 
that which is found in the tertiary rocks of Cattolica, in Sicily. In 
all these samples the ammonites appear, with clusters of round foramini- 
fera and other zoophytes, In two of these engravings (Figs. 124 and 
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126), the chalk is represented in two modes—in the upper, by trams~ 
parency or reflection, in the lower, half the mass is exhibited by super- 
ficial Hight. d 

Observation, then, establishes the truth of the explanation we haye 
given concerning the formation of the chalky or eretaceons rocks, but thie 
‘question still remains, How were these rocks, originally deposited in the 
sea, elevated into hills of considerable height, with bold escarpments, 


(Chulle under the Merascope. 





Fig. 124 —Challs of Mondor. 


like those known as the North and South Downs? ‘The answer to 
this involves other questions which haye scarcely got beyond hypothesis 

When the Portland beds had been deposited, the entire oolite seriet 
in the south and centre of England and other regions was raised abow 
the sea level, and became dry land. Above these Purbeck beds, a 
Professor Ramsay tells us, in the district known as the Weald, “we 
have a series of beds of clays, sandstones, and shelly limestones, 
indicating by their fossils that they were deposited in an estuuty 


t & ——, 


=~ 
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tre fresh water and occasionally brackish water and marine con- 
fons prevailed, The Wealden and Purbock beds indeod represent 
| delta of an immense river which in size may haye rivalled the 
‘ages or Mississippi, whose waters carried down to its mouth the 
tains of land plants, small mammalia, and great terrestrial reptiles, 
{mingled them with the remains of shells, fish, and other forms 
ive to its waters. I do not say that this immense river was formed 





Fig. 125—Graveend Challe, (After Eurenberg:) 


the drainage of what we now call Great Britain—I do not 
lod Imow where this continent lay, but L do know that England 
‘med a part of it, and that in size it must have been larger than 
trope, and was probably as age as Asia or the great continent of 
erica.” Speaking of the extent of the Wealden clay, Sir Charles 
fell says, It cannot be accurately laid down, because so much of it 
Concealed beneath ynewer marine formations. It has been treed 
oye two hundred miles from west to east ; from the coast of Dorsot 
r 
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to near Boulogne, in France, and nearly two handred miles from 
north-west to south-east; from Surrey and Hampshire, to Beauvais in 
France ;” but he expresses doubts, supposing the formation to 
been continuous, if it were contemporaneous, the region having uw 
gone frequent changes, the great estuary having altered its form, 
even shifted its place, Speaking of a hypothetical continent, Sir Charl 
Lyell says, “If it be asked where the continent was placed from the 


ig, 126—Chalk of the Tsle of Moen, Denmark. 


ruins of which the Wealden strata were derived, and by the drainage 
of which a great river was fed, we are half tempted to speculate om tht 
former existence of the Atlantis of Plato, The story of the sib 
mergence of an ancient continent, however fabulous in history, must 
have been true again and again as a geological event.” 

“The proof that the Wealden series were accumulated as a fivsly 
water deposit lies,” he adds, “ partly in the nature of the strata, bat 
chiefly in the nature of the organic remains. The fish give 20 
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positive proof, but a number of crocodilian reptiles give more con- 
elusive proofs, together with the shells, most of them:being of fresh- 
water origin, such as Paludina, Planorbis, Lymnaea, Physa, and 
such like, which are found living in many ponds and rivers of the 
present day. Now and then we find bands of marine remains not 
mixed with fresh-water deposits, but interstratified with them, showing 


‘Chalk under tho Microscope 


| * that at times the mouth and delta of the river had sank a little, and 
that it hud been invaded by the sea; then by gradual change it was 
lifted up, and became an extensive fresh-water area. ‘The episode 
at lust comes to an end by the complete submergence of the Wealden 
area, and upon these fresh-water strata a set of marine sands and 
clays, and upon these again thick beds of pure white earthy limestone 

of the cretaceous period were deposited. The lowest of these forma- 

n2 
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tions is known as the Lower Greensand ; then followed the clays of 
the gnult, which were succeeded by the Upper Greensand. Then, 
resting upon the Upper Greensand comes the vast mass of chalk 
which in England consists of soft white limestone, containing, in the 
upper part, numerons bands of interstratified flints, which were mostly 
sponges originally, since silivified and converted into flint. ‘The atrain 
of chalk where thickest are from 1,000 to 1,200 fect in their thickest 
part. ‘Their upheaval into land brought this epoch to an end; the 
conditions which had contributed to its formation ceased in our ares, 
and as the uppermost member of the secondary rocks, it closes the 
record of Mesozoic life in England.” 

Let us add, to remove any remaining doubts, that in the basin of » 
modern European sea—the Baltie—a curious assemblage of pheno- 
mena bearing on the question are now in operation. ‘The basin of 
the Baltic continues unceasingly to rise, and has done so for several 
centuries, in consequence of the constant deposit which takes place of 
caleareons shells and testaceous envelopes added to the natal 
accumulations of sand and mnd. ‘The Bultic Sea will certainly be 
filled up one day by these deposits, and this modern phenomenon, 
which we find in the act, so to speak, brings directly under our observi- 
tion an explanation of the manner in which the cretaceous rocks 
were produced in the ancient world, more especially when taken 
in connection with another branch of the same phenomenon to which 
Sir Charles Lyell called attention, in a recent address to the Ge — 
logical Society. Tt appears that just as the northern part of the 
Scandinavian continent is now rising, and while the middle part sonth 
of Stockholm remains unmoved, the southern extremity in Seania i# 
sinking, or at least has sunk, within the historie period : from which” 
ho argues that there may have been a slow upheaval in one regiol 
while the adjoining one was stationary, or in course of submerging, 


After these explanations as to the manner in which the eretaceous: 
rocks were formed, let us examine into the state of animal and vegetable 
life during this important period in the earth’s history, 
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‘The vegetable kingdom of this period is the vestibule, as it were, 
to the vegetation of the present time. Placed at the summit of the 
seeondary epoch, this vegetation is 2 preparation, and forms a 
transition, as it were, to the tertiary epoch, which, as we shall see, 
has a tendency to be confounded with that of our age. 

‘Tho landscapes of the ancient world still show us some specios of 
vegetables of forms strange and little known, which are now extinct, 
Bat during the period whose history we are tracing the vegetable 
Kingdom begins to fashion itself in a manner less mysterious; the 
palms appear ; and in the several species we recognize some which 
differ little from those of the tropics of our days. The dicotyledons 
inerense slightly in number amid ferns and Oycadacew, which have 
lost much of their importance in numbers and size: we observe an 
obyious increase in the dicotyledons of our own temperate climate, 
such as the alder, the wych-elm, the maple, and the walnut-tree— 
trees of our native land, we salute thee with joy! 

“As we retire from the times of the primitive creation,” says 
Leeog, “and slowly approach those of our own epoch, the sediments 
seem to withdraw themselyes from the polar regions and restrict 
themselves to the temperate or equatorial zones. The great beds of 
sand and limestone, which constitute the chalky formation, announces 
a state of things very different from that of the preceding ages. 
‘The seasons are no longer marked by indications of central heat ; 
zones of latitude already show signs of their existence ; already the 
hiological conditions of living beings are such as we can comprehend, 
and the vegetation takes quite a peculiar form. 

“Hitherto two classes of vegetation predominated: the cellular 
Oryptogams at first, the dicotyledonous Gymnosperms afterwards; and 
in the epoch which we have reached—the transition epoch of vegeta- 
tion—the two classes which have reigned heretofore become enfeebled, 
and a third, the dicotyledonous Angiosperms, timidly take possession 
of the earth. They consist at first of a small number of species, 
ocoupying only a small part of the soil, of which it afterwards takes 
its full share ; and in the following periods, as in that of our times, we 





remarkable for the majestic crown which it carries. — 
“The Conifera have resisted better than the C; 


represented to us by the arborescent willows ; th 

their Acerites oretacec, Nilson, and the Ju 

elegans, Geep. But the most interesting bo 

ind ath apposite) of ot ae 
leaves, of which no less than eight species 

dessfied tah whe pie deka i 

uncertain, The Crednarias, like the Salicites, were 

were, for the most part, the species of this remote 

In the following illustration, the reader has repr 

palms belonging to the cretaceons period, restored fi 

of the fossil remains left by the trunk and branches in 

the period. (Fig. 128.) 

Bat if the vegetation of this period exhibits. 

proximation to that of our era, we cannot say the san the 
creation, The time has not yet come when mammifera analogons to 
those of our epoch gaye animation to tho forests, plains, and shores of 
the ancient world: even the marsupial mammifera, which made theirap- 





Saurians; namely, reptiles, of which our lizards may be Tooked upa 
as the perfection, In this period their remains indicate that they 
mae base cn higher fs they so ape eae 
seems to be the only approximation creation makes towards th 
mammalian form, 

It is not without surprise that we revert to the immense develop 
ment, the extraordinary dimensions, which the lizards attain at thir 
epoch. These animals, which in our days rarely exceed a yard ors) 
in length, seem to have attained in the eretaceous period as much as 
twenty. The marine lizard, which wo study under the name of | 
Monaerss ros te Ss moar ot eh ea | 
Ichthyosauri in the Jurassic period: for from the age of the lias to 
that of the chalk, the Ichthyosaurus, the Plesiosaurus 
Teleosanrns were, judging from their organization, the tyrants of le 
ocean, Well, they seem to have become extinct in the 
and given place to the Mosasaurus, to whom fell the formidable task 
of keeping within just limits the exuberant production of the varions 
tribes of fishes and crustaceans, and preventing them from over-popt- 
Jating the seas, ‘This creature was first discovered in the celebrated 
rocks of St. Peter’s Mount at Maestricht, on the banks of the Mense, 
the skull alone being about four feet, while the Iguanodon Mantelli, 
discovered by Dr. Mantell in the Wenldean strata, has sinee ben 
discovered in the Hastings beds in ‘Tilguto forest, mensuring, #8 
Professor Owen estimates, between fifty and sixty feet, ‘hese enor 
mous Saurians disappear in their turn, to be replaced in the seas of 
the tertiary epoch by the Cretaceans; by our whales, in short; anil 
henceforth animal life begins to assume more and more the appearance 
it presents in the actually existing creation. 

Seeing the great extent of the seas of the cretaceons period, fishes 
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‘were necessarily numerous. Pike, or Esocidw, and’ the salmons, 
and the dory, analogous to those of our days, lived in the seas of the 
period: they fled before the sharks and voracious dog-fishes, which now 
appear in great numbers, after just showing themselves in the oolitic 
period. 

‘The seas were still full of polypiers, sea-urchins, crustaceans of yarious 
kinds, and genera of mollusks different from those of the Jurassic 
period ; alongside of gigantic lizards are whole piles of animaleulw— 
thoSe Foraminifera whose remains are now scattered in infinite pro- 
fusion in the chalk, upon a surface of immense thickness, The calcareous 
remains of these little beings, incalculable in number, haye indeed 
covered, in all probability, a great part of the terrestrial surface. It 
will give an idea of the importance of the period in relation to these 
organic beings, when it is stated that, in the rocks of the period, two 
hundred and sixty-eight genera, hitherto unknown, and more than five 
thousand species, have been found; the rocks formed during the 
period being upwards of four thousand yards. Where is the geologist 


who will yentare to cstimate the time occupied in creating and destroy- 
ing the animated masses of which this is the cemetery? For the 
purposes of description it will be convenient to divide the formation 
into lower and upper, according to their antiquity, their peculiar fossils, 
and sometimes according to their mineral characters. 


Tue Lower Creracrous Perip, 
French classifeaton, English equivalents, 
tage Néoeomien infériewr, Wealden beds and Hastings anda, 
»  Nécomion supériour. Lower greensand. 
»  Aption at. ” ” ‘upper part, 
» Alben. ‘The Gonlt, 

The upper division of the Wealden clay is, as we haye said, of 
purely fresh-water origin, and is supposed to have been the estuary 
of some vast river which, like the Afriean Quorra, may have formed a 
delta of some hundreds of miles, as suggested by Dr. Dunker and 
Von Meyer. The lower Wealden is a band of sand, sandstone and 
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caleiferous grit clay and shale, the argillaceous strata predo 
‘This part of the Wealden consists of :— 
Ashburnham sunls—Marled white and red olay and sundetome 
Ashdown sinds—Harl sand, with beds of cale grit 4 
Wodlut clny—Blue and brown shale, with w Tittle ealo grit 
‘Tho latter having a hard bed of white sand in its up 
steep natural clifis produce the picturesqne scenery 
rocks" of that neighbourhood. ‘This Wealden clay has b 


that “we can seareely hesitate,” says Lyell, “to x 


one great delta,” 
‘The lower greensand is known also as the Néocomian, | 7 
of the city of Neufehatel, in Switzerland, where this formation is 


distinct formation. Dr. Fitton, in his excellent monograph of the 
lower cretacoons formations, gives the following secrete lames 
of rocks as observable in many parts of Kent :— 


1, Caleareous stone, called Kentish mg . 9. wD 
2. Sand, with green earthy matter 10 
w 


3. Sand, white, yellowish or brown, with limestone, concrete nnd chert 
These divisions, which are traceable more or less from 
part of the Isle of Wight to Hythe in Kent, present 
tions, At Atherfield, where sixty-three distinet 
843 fect, have been traced, the limestone is wholly wanting, and some 
fossils range through the whole series, while others are confined to 
particular divisions ; but Dr, Forbes states that when the same condi- 
tions are repeated in overlying strata the sume species reappear ; bat 
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‘that changes of depth, of the mineral part of the sea bottom, the 
pre or absence of lime or peroxide of iron, the occurrence of muddy, 
ndy or gravelly bottom, are each marked by the absence of certain 
, and the predominance of others. 

Among the marine fauna of the Néocomien series the following are 
the principal. Among the Acephales, one of the largest and most 
‘abundant shells of the lower Néocomien, as displayed in the Ather- 

field series, is the large Perna Mullati (Fig. 129). 


< 
= 
S 
s 


One-qanrter natnral svn 
FoF he wpper Ming 


The Seaphites have a shell forming a regular spiral seroll upon the 


Ss 


To 


Fig. 190—Hamites. One-third natural aise, 


same plane, with contignons rounds, increasing regularly up to the last 
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evolution, when it detaches itself from the others, and projects a 
more or less elongated. 

The Hamites, Crioceras and Ancyloceras, have club-like termine 
tions at both extremities ; they may almost be considered as ammonitys 
with the spiral evolutions diseevered, as in the engraving (Fig. 121) 
Aneyloceras Matheronianus seems to have had spines projecting 
from the ridgo of each of the conyvolutions, 

Tho Tozoceras had tho shell also curved, and not spiral. 


slender, ical intesiug to alphas 
we append the following :-— 


1351 —Tebmta 
bart g Sie 


The Turriites have the shell regular, the spiral 
turning to the left in an oblique spiral of contiguous 
engraving in the margin will convey the idea of form, 
the representation of an existing species (Fig. 185). 

‘This analysis of the marine fauna belonging to the Néocomian forma 
tion might be carried much further, did space permit, or did it promise 
to be useful; but: without illustration any furfher description would be 
valueless, 

Numerous reptiles, a few birds, among which are some “ Waders 9] 
belonging to the genera of Paleornia or Cimoliornis, now moll 
considerablo quantities, and somo zoophytes extremely varied, consti= 
tute the rich fauna of the lower chalk. A glance at the more 
important of these animals, which we only know in » few saute 
lated fragments, is all our space allows: they are true medals of the 
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of our globe, medals half-effnced by time, which consecrates 


he memory of departed ages. 
In the year 1832 Dr. Mantel! added to the wonderful discoveries 


Pig. 191 —Shelt of Turritetia terebra. Pig. 135.—Turrilites costatus, 


he had made in the same neighbourhood that of the great lizard of 
the woods, the Hylaosaurus, vy, cadpos. This discovery was 
tmade in the fossil forest of Tilgate, near Cuckfield, and the animal 
appears to have been about eight yards in length. We have already 
seen a restoration of this enormous Saurian in Px. rx., page 105. 
‘What has been found is reduced to a saries of long and pointed bones, 
which may have formed upon the spine a hard and half-ossified fringe, 
like the horny spines which run along the back of the reptile which 
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at the present day receives the name of Tguano. Some fragments 
these great bony plates that have been found mixed with the 
Asbvris were probably lodged in the skin of this animal, 
sort of euirass for it. 

The Megalosaurus, the earliest appearance of which is among th 


wa (| 


Fig. 198 —Jaw of the Megalesaurus, Dg mine 
























more ancient beds of the Jurassic series, is again found at the base of 
the cretaccous rocks. It is, as we have seen, an enormous lizard, beme 
uupon fect slightly raised : its longth roached about forty-five foe 
Cuvier considered that it partook at once of the structure of the 
Iguana and the Monitors, the latter of which belong to the Lacerta 
reptiles which haunt the banks of the Nile and tropical India. The 
Megallosaurus was probably a terrestrial Saurian. The complicated 
structure and marvellous arrangement of the teeth prove that it wit 
essentially carnivorous. It fod probably on other serpents of modorsté 
size, such as the crocodiles and turtles which are found in the fossil 
state in the same beds, The jaw represented above in Fig. 196 
is the most important fragment we possess of the animal. It ® 
the lower jaw, and supports many tecth: it shows tha the headlae 
minated in a straight muzzle, thin and flat on the sides, like that of 
the Gavial, the crocodile of India. The teeth of the Megalosaurns were 
in perfect. accord with the destructive functions evolved in this formi- 
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able creature. ‘They partake at once of the knife, the sabre and the 
eaw. Vertical at their junction with the jaw, they assume with the 
increased ago of the animal a backward curve, giving them the form of 
a gardener’s pruning-knife (Vig, 137), After insisting upon some other 


Tig. 14 —a, Tooth of Machairodus, imperfect below, natura iio; b, wuttine of east of tooth, perfect, 
af rustural alse; , tooth of Megalosaurus, natural eae, 


particulars respecting these teoth, Buckland says, “ With teeth con- 
structed so as to cut with the whole of their concave edge, each move- 
ment of the jaws produced the combined effect of a knife and a saw, 
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at the same time that the point made a first incision like that maig 
by the point of a double-cutting sword. The backward curyatuwe 
taken by the teeth at their full growth render the escape of the prey 
when once seized impossible. We find here, then, the same arrange 
ments which enable mankind to put in operation many of the instra- 
ments which they employ.” 

The Iguanodon, from the Greck word, d8ods, tooth, rignifying 
Tguano, toothed, was more gigantic still than the Megalosaurna: the 
most colossal, indeed, of all the Saurians of the ancient world which 
research has yet exposed to the light of day, Professor Owen and 
Dr. Mantell are not agreed as to the form of the tail; the former 
gentleman assigning it a short tail, which would affect Dr. Mantell’s 
estimate of its probable length of fifty or sixty feet: the Iargest femut 
bone yet found measures four feet eight in length. The form ani 
Aisposition of the feet, added to the existence of an osseous horn on the 

‘upper part of the muzzle or snout, 

almost identifies it as a species 

with the existing Ignanidm, the 

only reptile which is known to 

Je provided with such a hom 

upon the nose: there is therefore 

no doubt as to the resemblance 

between these two beings; but 

while the largest of living Igai- 

nide scarcely exceeds n yard 

in length, its fossil congener 

was probably fifteen. or sixtem 

Z/ times that length. It is diff 

~ — cnilt to resist the feeling of asto- 

ig 138—Naa om of Hane, nishment, not to say incredulity, — 

which creeps over one while con- 

templating the disproportion so striking between this being of the 
ancient world and its congener of the new. ‘ 

‘The Tguanodon carries, as we have said, a horn on its muzzle; the | 














LOWER CRETACEOUS PERIOD, : 207 


bone of its thigh, as we have seen, surpasses that of the elephant ; the 
form of the bone and fect demonstrate that it was formed for terres- 
trial locomotion ; and its dental system shows that it was herbivorous. 

The teeth (Fig. 140), which are the most important and charac 


a young tots he, teeth rer advanced, and worn 
teristic organs of the whole animal, are not fixed in distinct sockets 
like the crocodiles, but fixed on the internal face of a dental bone ; that 
is to say, in the interior of the palate, asin the lizards. The plice 
thus occupied by the edges of the tooth, their trenchant: and saw-like 
form, their mode of curvature, the points where they become bronder 
‘or narrower which turn them into a species of nippers or scissors— 
‘are all suitable for cutting and tearing the coriaccous and resisting 
plants which are also found among the remains buried with the 
reptile, a restoration of which is represented in Px, xx1. 


‘The cretaceons seas contained great numbers of fish, among which 
some were remarkuble for their strange forms. The Borya Lewes- 
ensis (1) and the Osmeroides Mantelli (2), (Fig. 141), aro restorations 
‘of these two species as they are supposed to have been in life. The 
Odontaspis is a new genera of fishes which may be mentioned? 

The weas of the lower ereiaceous ‘period were remarkable in a 


8 
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zoological point of view for the great number of species, and the mal- 
tiplicity of generic forms of molluscous cephalopodes. ‘The ammonites 


1. Boj wena 3 Ome Mane 

assume dimensions quite giguntic, and we find among them new 
species distinguished by their furrowed transverse spaces, as im the 
Hamites (Fig. 130.) Some of the Ancyloceras attained 
tude of six feet, and other genera, as the Scaphites, the 
Crioceras and other mollusks, unknown till this period, n 
Many Echinoderms, or sea-urehins, and zoophytes, have 
rocks with their animal remains, and would give to its seas a 
quite peculiar, 

On the opposite page an ideal landscape of the period is repres 
(Pt. xxz.), in which the Ignanodon and Megalosaurns stn 
the mastery in the centre of a forest, which enables us 
some idea of the vegetation of the period. Here we note 
at once exoti¢ and temperate—that of the tropics, and a 
sembling our own. On the left we observe a group of | b 
resemble the dicotyledonous plants of our forests, The - 
noria is there, whose botanical place is still doubtful, for its fruit has 
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not been found, although it is believed to haye belonged to plants with 
two seed-leaves, or dicotyledonous, and the arborescent Amentacem, An 
entire group of trees, composed of ferns and zamites, are in the back- 
ground ; in the extreme distance are some palms. We also recognize 
in the picture the-alder, the wych-elm, the maple, and the walnut-tree, 
or at least species analogous to these. 


1. The Neocomian beds in France are found in Champagne, in the 
department of the Aube, the Yonne, the Haute-Alps, It is largely 
developed in Switzerland at Neufchatel, and in Germany, where the 
lower beds consist of marls and greyish clay, alternating with small 
banks of calcareous limestone, which are very thick at Neufchatel and 
in the Drome. The fossils are Spatangus retusus, Crioceras, Am- 

2. Urgonian, The limestone of Orgon exists also at Aix-les-Bains, 
in Savoy, at Grenoble, and generally in the thick white calcareous 
Se oe iat hs Deere sits acl Chaos 
ammonia, Pigaulus, &c. 

8. The Aptien, or Fed creat) feccmbon gly, cv ttachak a 
argillaceous clay. In France it is found in the department of the 
Vanoluse, at Apt, inthe department of the Yonne, whence its name ; 
and in the Haute-Marne, Fossils, Aneyloceras Matheronianus, 
Ostrea aquila, and Plicatula placwnea. These beds consist here 
of greyish clay, which is used for making tiles; there of bluish 
argillaceous limestone, in black or brownish flags. In the Isle of 
Wight it becomes a fine sandstone, greyish and a little argillaceous. 
At Havre, and in some parts of the country of Bray, it is a well- 
developed ferrnginous sandstone. 

‘We have already noted that the Neocomian formation, although a 
marino deposit, is in some respects the equivalent of the Wealden 
clay, « fresh-water formation of considerable importance on account of 
its fossils. We have seen that it was either formed at the mouth of a 
great river, or the river was sufficiently powerful for the fresh-water 
current to be carried out to sea, carrying with it some animals, 

s2 
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forming a fluvial or Incustrine fauna, on a small seale. ‘These were 
small crustaceans of the genera of Cypris. Some molluseous gastem> 
podes of the gonora Melania, Paludina, and scephalous mollusks of 
the five genera Cyrena, Unio, Mytilus, Cyolas, and Ostrea. Of 
these, Oypris apinigera (Fig, 142) and Cypris Waldensis (Big. 143) 
may be considered as among the most characteristic fossils of this 


‘The eretaceous rock is not alone interesting for its fossile; it pre 
sents also an interesting subject of study in mineralogical point of 
view. "The white chalk, examined under the mictoseope by Ehrenberg, 
shows a curious globiform structure. ‘The green part of its sandstone 
and limestone constitutes very singular compounds. According to 
the results of Berthier’s analysis, we must consider them as silicates 
of iron. ‘The iron shows itself here not in beds, as inthe Joma 
rocks, but in masses, in a species of pouch of the Urgonian beds 
‘They are usually hydrates in the state of hematites, accompanied by 
quantities of ochre so abundant that they are froquentlySunworkable 
In the south of France these veins were worked to a great depth by 
the ancient monks, who wero the metallurgists of their age. But for 
artists the powerful Urgonian beds possess a special interest: their 
admirable vertical fractures, their erect, perpendicular peaks, each 
surpassing the other in boldness, form his finest studies. In the Var 
the dofiles of Vésubia, of the Esteron, of Tinea, are jammed ap 
between walls of peaks, for many hundreds of yards, between which 
there is scarcely room for a narrow road at the side of the roaring 
torrent, “In the Drome,” says Fournet, “the entrance to the 
beautiful valley of the Vercors is closed during a part of the year, 
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because, in order to enter, it is necessary to cross the two orifices, the 
Great and Little Goulet, through which the waters escape from the 
valley. Even during the dry season, he who would enter the gorge 
mst take a foot-bath. 

This state of things could not last, and in 1848 it was curious to 
see miners suspended on the sides of one of these lateral precipices, 
some four hundred and fifty feet above the torrent, and about an equal 
distance below the summit of the chalk, There they began to exca- 
vate cavities, or niches in the face of the rock, all placed on the same 
level, and successively enlarged. These were united together in such 
a manner as to form a road practicable for earriages; now through a 
gallery, now covered by a corbeilling, to look over which affords a 
succession of surprises to the traveller. 

“* This is not all,” adds M. Fournet: “ he who traverses the high 
plateaux of the country finds at every step deep diggings in the soil, 
designated pits or scialets, the oldest of which have their concavities 
clothed in a curious vegetation, in which the Aucolin predominate: 
they find in these pits shelter from the cutting winds which rage so 
furiously in these culminating regions. Others form a kind of cavern, 
in which a temperature obtains sufficient to congeal water even in the 
middle of summer. These cavities form natural glaciers, which we 
‘again find upon some of the tablelands of the Jura, 

“Tho cracks and crevasses of tho limestono receive the waters pro- 
duced by falling rain and melted snow: true to the laws of all fluid 
lodies, they infiltrate themselves through the rocks until they reach 
the lower and impervious marly beds, where they form sheets of water, 
which in course of time find some issue throngh which they discharga 
themselves, In this manner subterranean galleries, sometimes of great 
‘extent, are formed, in which are assembled all the marvels which ebulli- 
tion, stalactites, stalagmites, placid lakes, and fugitive torrents can 
engender: finally, these waters, forcing themselves a passage through 
some external orifice, give birth to one of these fine caseades which 
pour ont whole rivers at a single bound.” 

The Albien of Ale. D'Oxbigny, which Lyoll considers to be the 
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equivalent of the gau/t, French authors treat as the glaveonous forma 
tion, the name being drawn from a rock composed of grey chalk beds, 
grains of verditer, or silicate of iron, which is often mixed with the 
limestone of this rock. The fossils by which it is identified are very 
varied. Among the numerous types, we find crustaceans belonging 
tothe genera Arcania and Corystes ; many new mollusks of Buecinum, 
Solen, Pterodonta, Volita, Chama; great numbers of molluscous 
brachiopodes, forming well-developed submarine banks ; some echino- 
ders hitherto unknown, and especially a great number of zoophytes; 
some Foraminifera, and many Bryozoaires. The glaucous beds are 
formed of two classes : the gawlt clay and glaucous chalk. 

‘The gauit is the lowest member of the upper eretaceous group, and 
consist of a bluish-black marl mixed with greensand, called “of the 
gault,” which occupies the lower beds, It attains a thickness of about 
100 feet on the south-east coast of England. It extends into Devou- 
shire, Mr. Sharpe considering the Black down beds of that county as its 
equivalents. It shows itself in the department of the Pas-de-Calais, 
of the Ardennes, of the Meuse, of the Aube, of the Yonne, of tho 
Ain, of the Calvados, and of the Seine-Inférieure. Tt presents yery 
distinct mineral forms, among which two predominate: the grew 
sandstone and the black or greyish clay. It is important to know 
this formation, for it is at this level that the Artesian waters flow ia 
the wells of Passy and Grenoble near Paris. 

The glaucous chalk, or upper beds of the gault, represented typi- 
cally in the departments of the Sarthe, of the Charente-Inférieure, of 
the Yonne and the Var, is composed of quartzose sand, clay, sandstona, 
and limestone, In this formation, at the mouth of the Charente, we find 
a remarkable bed, which has been described as a submarine forest, It 
consists of large trees with their branches embedded horizontally it 
vegetable matter, kidney-shaped nodules of amber, and fossilized resi 
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Urrrr Oneracrous Prriov. 

Dnring this phase of the terrestrial evolutions, the continents, to 
j from the fossilized wood which we meet with in the rocks which 
now represent it, would be covered with a very rich vegetation ; 
nearly identical, indeed, with that which we have described in the pre- 
feeme ub period: according to Adolphe Brongniart, the “age of 
angiosperms” had fairly set in; the cretaceous flora displays, he con- 
‘siders, a transitional character from the secondary to the tertiary 
‘vegetation; that the line between the gymnosperms, or naked-seeded 
plants, and the angiosperms, having their seals enclosed in seed- 
vessels, runs between the upper and lower cretaceous formations. 
“We can now affirm,” says Lyell, “that these Aix-la-Chapelle plants, 
called Crednoria, flourished before the rich reptilian fauna of the 
secondary rocks had ceased to exist. The Iehthyosaurus, Pterodactyl, 
and Mosasaurus were of coeval date with the oak, the walnut and the 

» 

The terrestrial fauna, consisting of some new reptiles haunting the 
Danks of rivers, and birds of the genera of snipes, have certainly ouly 
reached us in small numbers. The romains of marine fauna occur, on 
the contrary, in great numbers, and so well preserved as to givea great 
idea of its riches: they even form a characteristic of its condition. 

‘The sea of the upper cretaceous period bristled with numerous sub- 
marine reefs, occupying a vast extent of its beds, reefs formed by 
the singular family of mollusks called Rudistes by Lamarck, and by 
goophytes in immense numbers, judging from the quantities of coral 
which remain. The Polypiers, in short, seem to attain here the prin- 
Gipal epoch of their existence, and assume remarkable developments 
of form ; the same occurs with the Bryozonires and Amorphozoaires ; 
while, on the contrary, the reign of the Cephalopodes seems to have 
been atanend. Beautiful types of these ancient reofs have been revealed 
to us, and we discover that they have been formed under the influence 
of submarine currents, which accumulated masses of theso animals at 
certain points, Nothing is more curious than this assemblage of 
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rudiste productions, still perpendicalar, isolated or in groups ; auch, 
Cornes, inthe Corbieres, upon the banks of the pond of Berra, ia Bre} 


“Tt seems,” says Alcide D'Orbigny, “aa if the sca ad ete 
in order to show us, still intact, the submarine fauna of this period, 
such as it was when in life. There are here enormous I 
purites in their place, surrounded by polypi, echinoderms «nd 
mollusks, which lived in union in animal colonies analogons to those 
which still exist in the coral reefs of the Antilles and Oceania. In 
oriler that these groups should be preserved it was necessary that they 
should be covered at once and suddenly, by the sediment whieli 
is now, after being destroyed by the action of the atmospher, 
revealing to us in their most secret details tho nature of the ages 
which have passed. | 

Tn the Jurassic period we have already met with these isles or reefs 
formed by the accumulation of corals and other zoophytes: they evan 
constituted an entire formation in that period called the eoral-ray. 
‘The same phenomenon, reproduced in the cretaceous seas, gave birth to 
similar calcareous formations; we need not, therefore, insist farther on 
them here. The coral isles or madrepores of the Jurassic epoch and tht 
reefs of Rudistes and Hippurites of the cretaceons period have the 
ap cma Se St Coin Soh 
precisely the same phenomena, 

"Tha animale which characteriza the crebeccom 4g@ Seiya 


Moxivgcous CrpnaLoPobEs, 


Nautilus subleevigatus and Danicus ; Ammonites rusticus ; Belémm 
tella mucroneta. _ 


Moxuscous Gasrvnoropes. 7 


Voluta elongata ; Phorus canaticulatus; Nerinea sioaleta UF 
votomaria Fleuriansa ; and Santonensis, Natiea supracretacea. 
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Acrrnatous Mon.usns. 

Trigonia seabra ; Tnoceramus problematious and Lamarkii ; 
Clavigella oretacoa ; Pholadomya wquivalvis ; Spondylus spinosus ; 
Ostrea vesicularis; Ostrea larva; Janira quadricostata ; Arca 
Gravesii. 

Bracutoropes Rupisrzs. 

Crania Ignabergensis ; Terebratula obesa ; Hippurites Toucasianus 
and Organisens ; Caprina Aguillont; Radiolites radiosus, and 
acuticostus, 

Bayozoames ayp Eonroprras. 

Retieulipora obliqua ; Ananchytes ovata ; Mioraster cor anguinum ; 
Hemiaster bucardium and Fourneli; Galevites albogalerus ; 
Cidaris Forchammeri ; Palzocoma Fustembergii, 


1. Ponyer; 2. Poraxincrena ; 3. AmonvHozoames, 
1, Cycollites elliptica ; Thecosmitia rudis; Hnallocenia ramosa ; 
Meandrina Pyrenaica ; Synhelia Sharpeana. 2. Orbitoides 


media; Lituola nautiloidea ; Flabellina rugosa. 3. Coscinopora 
cupiliformis ; Camerospongia fungiformis. 


Among the numerous beings which inhabited the upper eretaceous 
Seas there is one which, by its organization, its proportions, and the 
despotic empire which it would exercise in the bosom of the waters, 
is certainly worthy of our attention. We speak of the Mosasaurus, 
which was long known as the great animal of Maestricht, because its 
remains were found near that city, in the most modern of the 
eretaceous deposits. * 

‘Tt was in 1780 that the head of some great Saurian was discovered 
in the quarries of Saint Peter's Rocks, near Maestricht, which may now 

~ be seen in the Museum of Natural History of Paris, This discovery 
Taflled all the science of the naturalists of a period when the know- 
ledge of these ancient beings was still in its infancy. One saw in it 
the head of a crocodile; another, that of a whale ; memoirs and mono- 
gmphs mined down without throwing much light on the subject. Tt 
required all the efforts of Adrian Camper, joined to those of the 
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immortal Cuvier, to assign its true zoological place to the ; 
animal. ‘The controversy over this fine fossil occupied the learned 
the remainder of the Inst century and fur into the prosent. 
Mbestricht is a city of Holland, built on the banks of tl 
1 lid Sale eke hills which skirt the left or 

bank of the Meuse, there rises a solid mass of chalky formation 
known as Saint Peter’s Rocks. In their composition they e pond 
with the Meudon chalk beds, including the same fossils. ‘The quarries 


environs of Liege, which has been quarried from time imn 
a few inches of greenish soil with encrinites, and then a very 
chalk with layers of flints. This quarry is Aled with marine fos 
often of great size, 

‘These fossil Adbris naturally enough attracted the attention of the 
curious, and led many to visit the quarries: but of all the discoveries 


which attracted attention the greatest interest attached to the 
gigantic animal under consideration, Among those attracted by 
the discovery of these strange vestiges was an officer 
gurrison of Maestricht, named Drouin. He purchased the bone 
of the workmen as the pick disengaged them from the rock; anf 
concluded by forming a collection at Maestricht, which may be cite 
with admiration. In 1766, the trustees of the British Muses 
haying purchased this collection, it was removed to London, 
by the example of Drouin, Hoffman, the surgeon of the gi 
about forming a similar collection, and his collection soon 
that of Dronin's Museum in riches. It was in 1780 he pu 
the workmen the magnificent fossil head, exceeding six feet in 
which hs since eo exercised the sagacity of naturalists, 

Hofiman did not long enjoy the fruits of his precious prize be 
the Chapter of the church of Maestricht claimed, with m 
foundation, certain rights of property, and in spite of all pro 
head of the Crocodile of Maestricht, as it was already called, p 
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‘into the hands of the Dean of the Chapter, named Godwin, who 
‘enjoyed his antediluvian trophy until an unforeseen incident changed 
the aspect of things. ‘This incident was nothing less than the 
bombardment and surrender of Maestricht to the Army of the North 
under Kleber, in 1793. ‘ 

‘The Army of the North did not enter on a campaign to conquer the 
‘eranii of crocodiles, but it had on its staff a savant who was devoted 
to such pacific conquests: Faujus de Saint-Fond, who was the pre- 
ecessor of Cordier in the Zoological Chair of the Jardin des 
Plantes, was attached to the Army of the North as Commissaire des 
Sciences, and it is suspected that in soliciting this mission our 
natoralist had in his eye the already famous head of the crocodile of 
the Mense. * However that may be, Maestricht fell into the hands of 
the French, and Faujus eagerly claimed the famous fossil for the 
French nation, which was packed with the care due toa relic number- 
ing co many thousands of ages, and despatched to the Museum of 
Natural History at Paris. On its arrival, Fanjus undertook o labour 
Which, as he thought, was to cover him with glory. He commenced 
the publication of a work entitled «The Mountain of Saint Peter of 
Maestricht; describing all the fossil objects found in the Dutch 
quarry there, especially of the Great Animal of Maestricht. He 
éndeayoured to prove that this animal was a crocodile. 

Unfortunately for the glory of Faujus, a Dutch savant had devoted 
himself to the same study. Adrian Camper was the son of the great 
anatomist of Leyden, Pierre Camper, who had purchased of the 
heirs of the surgeon Hoffman some parts of the skeleton of the 
‘animal found in the quarry of Saint Peter. He had even published 
in tho ‘Philosophical Transactions’ of London, as early as 1786, a 
memoir, in which the animal is treated as a whale, At the death of 
his father, Adrian Camper re-examined the skeleton, and in a work which 
Cavier quotes with admiration, he fixed the ideas which were until 
then floating about. He proved that the bones belonged neither to a 
fish, nor a whale, nor to a crocodile, but rather to a particular genera 
of Saurian reptiles, which approach the Iguano in one direction and 
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the Lecertian Monitors in another, So that ‘long befane Fang! 
finished his publication the work of Adrian Camper had ap : 
totally changed the ideas of the world in respect to it. 


Fig, 14a, skull of Monitor Nilotieuss 
2, under-jaw of same. 


The idea of a lizard, organised to live and move with 

bosom of the waters, is not readily conceived ; but studying 

of the Mosasaurus reveals to us this anatomical mechanism. 
yertebre: of the animal are concave in front and eonvex behind 
were attached by means of orbicular or arched 

permitted it to execute easily movements of flexion in any din 
From tho middle of the back to the extremity of the tail, 
verlebre are deficient in the articular processes which 
strengthen the trunk of terrestrial vertebrated animals 
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sembled in this respect the vertebre of the dolphins ; an organisation 
necessary to render natation easy. The tail, compressed laterally at 
the same time that it was thick in a vertical direction, constituted a 
straight rudder, short, solid, and of great power, An arched bone was 
| firmly attached to the body of each caudal vertebra in the same 
manner as in fishes, for the purpose of giving increased power to the 
tail: finally, the extremities of the animal could scarcely be called 
feet, but rather paddles, like those of the Ichthyosaurus, the Plesio- 
saurus, and the whale. We see in Fig. 145, in the margin, that the 


‘Fig. 145,—Hlead of Mosasaurus Campert, 


jaws are armed with numerous teeth, attached to their alveoles by an 
osseous base, both large and solid. Moreover, a dental system quite 
peculiar occupies the vault of the palate, as in the casa of cortain 
serpents and fishes, where the teeth are directed backwards, like the 
barb of a hook, thus opposing themselves to the escape of prey. This 
disposition of the tecth sufficiently proves the destructive character of 
this Saurian. 

‘Tho dimensions of this aquatic lizard, estimated at twenty-four feet, 
are calculated to excite surprise. But we have already seen the 
Tehthyosaurns of the dimensions of a whale, and ‘Teleosaurus thirty 
feet long ; and the Iguanodon and Megalosaurus ten times the size of 
living Iguanide, In all those colossal forms we can only see a dif- 
ference of dimensions, not any aggrandisement of a type: the laws 
which affect the organization of all these beings remain the same = 
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eologists make some distinction; the former dividing them into 
, upper greensand ; 2, chalky marl; 3, white chalk, with flints ; 
L, Maestricht and Faxoebeds. The latter into 1, Turonian ; 2, Seno- 
ian ;-3, Danian, 
‘The Turonian beds are so named becanse the provinee of Touraine, 
Saumur and Montrichard, possesses the finest type of this 
‘The mineralogical composition of the beds is a fine and 
yrey marly chalk, as at Vitry-le-Frangois; of chalk entirely white, of 
ry fine grain, a little argillaceous, and poor in fossils, in Yonne, 
Aube, and the Seine-Inférieure. Some tnfla chalks, granulated, 
pd white or yellowish, mixed with spangles of mica, and containing 
mmonites, are found in Touraine and a part of the Sarthe, with 
hhite, grey, yellow, or bluish limestone, including Hippurites and 
‘adiolites, In England the lower chalk beds pass also into chalky 
narl, with ammonites, and then into beds known as the upper 
sand, containing green particles of chloritic sand, mixed in 
Surrey with calearcous matter. In the Isle of Wight this formation 
ittains the thickness of 100 feet. The Senonian beds take their 
e from the ancient Senones. The city of Sens is in the centre of 
e best-characterized portion of this formation ; Epernay, Meudon, 
Sens, Vendéme, Royau, Cognac, Saintes, are the typical regions of 
the formation in France. In the basin of Paris, comprehending the 
Tournais beds, it attains a thickness of upwards of 1,500 feet, as was 
proved during the sinking of the Artesian well at Grenoble. 
In its geographical distribution the chalk has an immense range ; 
fino chalk of nearly similar aspect and composition being met with in 
directions over hundreds of miles, alternating in its lower beds with 
layers of flints, In the higher beds in England it usnally consists of 
pure white calcareous mass, generally too soft for building-stone, 
but sometimes passing into a solid rock. 
The Danian beds, which occupy the summit of the scale in the 
eretaccous formation, are finely developed at Maestricht, on the Meuse, 
nd in the island of Zeeland, belonging to Denmark, where it is 
presented by a compact limestone, slightly yellowish, quarried for 
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A onear and new organic creation shows itself in the tertiary epoch ; 
nearly all the animals are changed, and the most remarkable change 
|\in this new generation is the appearance of the great clasa of mam- 
mifera. 

During the transition epoch, crustaceans and fishes predominate in 
the animal kingdom ; in the secondary epoch the earth belonged to 
the reptiles; but during the tertiary epoch the mammifera were kings 
‘of the earth; nor do they appear in small numbers, or at distant 
Gntervals: great nombers of these beings appear to have lived on 
tthe earth, and at the sume moment; many of them, so to speak, 
‘mnknown and undescribed. 

If we except the marsupials, which were imperfoct mammifera, the 
‘first mammifers created would appear to have been the Pachyderms, 


tions, and by the singularity of their structure. 
during the last period of the epoch the greater part still exist. 
Among the new reptiles, some great salamanders, like crocodiles, are 


T 





plied to the snimal creation during, Hs eet 
Dering the mune epoch binds epost 25 aaa 


which filled the seas and multiplied with such astonishing | 
in the secondary epoch. Henceforth the shelled mollusks 
mate in their forms to those of our days, 


the agglomerated débris of their shells form in some pl 


hundreds of yards thick. It is the most extraordinary 
has appeared in the whole series of the creation, 
Vegetation during the tertiary epoch presents well-d 
teristics. ‘The tertiary flora approaches, and is someti 
with that of our days. ‘The class of dicotyledons shows 
in its fullest development; it is the epoch of flowers. ‘The 


breathe and increase their species. 
Daring the tertiary epoch the influence of the central hea 
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have ceased to make itself felt, in consequence of the constantly 
‘increasing thickness of the terrestrial erust. By the influence of the 
solar heat the intended climate would be developed in the various 
latitudes ; the temperature of the earth would still be nearly that of 
the torrid zones, and at this epoch also cold would begin to make itself 
felt at the poles. 

Abundant: rains would, however, continue to pour upon the earth 
enormous quantities of water, which would give birth to important 
rivers: new lacustrine deposits of fresh water were formed in great 
numbers, and rivers, by their alluvial deposits, began to form new land. 
Tt is, in short, during the tertiary epoch that we trace an alternate 
succession of beds now containing organic beings of marine origin, 
and now those belonging to fresh water. It is at the end of this epoch 
that continents and seas take their respective places as we now see 
them, and that the surface of the earth received its actual form. 

The tertiary epoch embraces three very distinct periods, to which 
the names of Hocene, Miocene, anil Pliocene have been given. The 
etymology of these names are Eocene, from éos, dawn, yyaevés, recent ; 
Miocene, from jerov, less, yaivos, recent ; and Pliocene, from wAe(ov, 
more, yates, recent: which is simply to say that each of these periods 
is more or less remote from the dawn of life and from the present 
time: the expressions are forced, and not very expressive, but usage 
has consecrated them. 





Fig, 147, —Trigonia margaritacos. 


THE EOCENE PERIOD. 


Donia this period ¢erra firma has yastly extended itself over the 
domain of the sea; furrowed with rivers and rivulets, and here and 
there with great lakes and ponds, the landscape of this period pre~ 
sented the same curious mixture which we have noted in the preced~ 
ing age ; that is tosiy, combination of the vegetation of the primitive 
ages with others analogous to those of our own epoch. Alongside 
the birch, the walnut, the oak, the elm, and the alder, rise lofty 
palm-trees, of species now extinct, such as the Flabellaria and the 
Palmacites ; with many evergreen trees, as the Conifers, for the most 
part belonging to genera still existing, as the firs, the pines, the 
yews, the cypresses, the junipers and the ¢hyas, or tree of life. 

The Cupanioides among the Sapindales ; the Cucwmiter umong the 
Cucurbitales ; species analogous to our bryonias creep along the 
tronks of great trees and hang in festoons of aerial garlands from 
their branches. 

‘The forns were still represented by the genera Pecopteris, by the 
Taucopleris, Asplenium, Polypodites, Of the mosses, some Hepaticas 
formed « humble, but elegant and lively vegetation alongside the terres 
trial and frequently ligneous plants which we have noted, The 
Eauisetii and the Charas would still grow in the marshy places and 
on the hanks of rivers and ponds, 
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ns near the magnificent Higtea: Malvacew, without doubt 


Of creeping plants, like the Cucwmites variabilis, Brongniart, and 
}y the numerous species of Cupanioides, belonging, the one to the 
‘Oneurbitales, and the other to the Bapindales; they clasp their 
‘slender stems round the trunks, doubtless ligneous, of various Legu- 
minncer. 
‘The family of Betulacex of the Cupulifers sbow the form then now 
‘of Querens, the oak; the Juglandew of the Ulmacew mingle with the 
Proteacew, now confined to the southern hemisphere. The Derma- 


Fig. 148 —Uitanch of Kuealyptns restored. 


fophiyllites, preserved in the yellow amber, appears to have belonged to 
the family of the Ericiner, and Tropa Areturer of Unger, of the 
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group of the CEnotheres, floated on the sume deep waters in which 
grew the Charas and the Polamogetons. 

This numerous flora comprehended more than 200 known species 
of which 143 belonged to the Dicotyledons, thirty-three to the Mone 
cotyledons, and thirty-three to the Oryptogams. 

Trees predominate here as in the preceding period, but the g 
numbers of aquatic plants of the period are quite in accordance with 


Pig. 149.—Frutt-branch of Banksla restored, 
the geological facts, which intersect the continents and islands willl 
extensive lakes and inland seas, and vast marine bays and arms ol 
the sea, which penetrate deeply into the land. 
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It is moreover a peculiarity of this period that it comprehended a 
great number of those plants now confined to Australasia, which give 
astrange aspect to a country which seems if its vegetation, as in its 
animals, to have preserved in its warm latitudes much of the organic 

 ereation which belonged to the primitive world. As a type of dicotyle- 

donous trees of the epoch, we present here a restored branch of 
Buealyptus (Fig. 148) with its flowers. All the family of the 
Proteacem, which comprehends the Banksias, the Hakeas, the 
Gerilea protea, existed in Europe during the tertiary epoch. The 
family of Mimosas, which comprehends the Acacia and Ingas, which 
are only native in our age of the southern hemisphere, abounded in 
Enrope during the same geological period. A branch of Banksia 
with its fructification, taken from the impressions discovered in the 
xocks of the period, is represented in Fig. 149: it is different in 
species from any Banksia of our days. 


‘Mammifera, birds, reptiles, fishes, insects, and mollusks form the 
terrestrial fauna of the eocene period. In the waters of the lakes, 
their surfaces deeply farrowed by the passage of lange pelicans, lived 
mollusks of varied forms, as Phys, Limna, Planorbis, und turtles 
floated about, as Trionya and the Emides. Snipes made their retreat 
among the reeds which grew on the shore; seagulls skimmed the 
surface of the waters or run upon the sands; owls hid themselves in 
the cayernous trunks of old trees ; gigantic buzzards hovered in theair 
watching for their prey ; while heavy crocodiles slowly dragged their 
unwieldy bodies through the high marshy grasses. All these terres- 
trial animals have heen discovered in England or in France, alongside 
the overthrown trunks of palm-trees. The temperature of these 
countries was, then, much more elevated than it is now. The 
mammifora which lived under the latitudes of Paris and London are 
only found now in the warm countries of the globo. 

he Pachyderms, from the Greek qayés, thick, Sépya, skin, 
seem to have been the first mammifers which appeared in the 
eovene period, and they held the first rank from their importance 
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of a large horse. Such was the great Palwotherium, peaceful flocks 
which must have inhabited the valleys of the plateau which surrounds 


Fig, 150—Palwouertum yoagnum restored. 


the ancient basin of Paris; in the lacustrine formations of Orleans 
and Argenton ; in the tertiary formations of Tssil and Puy-en-Velay, in 
the department of the Gironde; in the tertiary formations near 
Rome; and in the marly beds of the Bensted quarries in the Isle of 
Wight. Fig. 150 represents the great Palotherium, alter the 
design in outline given by Cuvier in his work on fossil bones. 

Tho discovery and rearrangement: of these and other forms now 
swept from the face of the globe are the noblest triumphs of the great 
French zoologist, who gathered them, as we have seen, from heaps of 
confused fragments, huddled together pell-mell, the portions of twenty 
different species, all animals of a former world, and unknown within 
the historic period. ‘The generic characters of Paleotherium give 
them forty-four teeth, namely, twelve molars, two canines, and twenty 
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‘and activity of that animal. It seems to have lived among the 
_ bushy thickets of the environs of Paris, in Auvergne, and elsewhere. 
‘All these animals lived upon 
seeds and fruits, on the green 
or subterranean stems, and the 
fleshy roots of the plants of the 
period, and in the neighbour- 
hood of fresh water. 
‘The Anoplotherium, so called 
~ from dévordos, defenceless, and 
@npiov, animal, had posterior F 





molars analogous to those of 
the rhinoceros, the feet ter- / 
minating in two great toes, &. 
an equally-divided hoof, like 
the ox and other ruminants, 
and with tarsus with toes 
nearly like those of the camel. 
Tt would be about the size of 
the ass, its head light; but 
what would distinguish it most 
must have been an enormous 
tail of at least three feet in 
length, and very thick at its 
junction with the body. This 
tail evidently served it as a 
rudder and propeller when 
swimming in lakes or rivers, 
which it frequented, not to 
seize fish, for it was strictly 
herbivorons, but in search of roots and stems of succulent aquatic 
plants. “Judging from its habits of swimming and diving,” says 
Cavier, “the Anoplotherium would have the hair smooth, like the 
otter; perhaps its skin was even half naked. It is not likely either 


Pig. 152, —Sketetone Of the Pulwotherinm magntsn, «and minimum, b, restore 
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that it had long ears, which would be inconvenient in its aqual 
kind of life; and I am inclined to think that, in this respect, 
resembled the hippopotamus and other quadrupeds which frequent 
the waters much.” To this deseription Cuvier had nothing mow 
to add, His memoir upon the Pachydermous fossils of Montmarin 
is accompanied by a design in outline of Anoplotherium communis, 
which a copy is given in Fig, 153, 


Fig. 153—Gomaon Anoploiberium, Half natural sae. 


‘There are the remains of Anoplotherium of very small sine, A. Tepe 
rinwm, or the hare, whose feet are evidently arranged for running: 
A. minimum and A. obliquum were of still smaller size; the last, 
especially, would scarcely exceed the size of a rat. Like the water 
rats, this species inhabited the banks of brooks and small rivers. 

The Xiphodon was about three feet in height at the withers, and 
generally about the size of the chamois, but lighter in its form, and 
its head smaller, Inasmuch as the appearance of the Anoplotherium 
communis was heavy and sluggish, so was Xiphodon gracilis granefal 
and active: light and agile as the gazelle or the goat, it would 
rapidly run round the marshy meadows and ponds, pasturing om tht 
aromatic herbs of the dry lands, or browsing on the sprouts of the 
young shrubs. “Its course,” says Cuvier, in the memoir already 
quoted, “was not embarrassed by a long tail; but, like all active 
herbivorous animals, it was probably timid, and with great and very 
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mobile cars, like those of the stag, announcing the slightest approach 
of danger. Neither is there any doubt that its body was covered by 
short smooth hair; and consequently we only require to know its 
colour in order to paint it as if already animated this country, where 
it has been dug up after so many ages.” Fig. 154 is the reprodue- 


Fig. 154,—Xiphodon gracilis. 


tion from the design in outline with which Cuvier accompanies the 
description of this animal, which he classes among the Anoplothe- 
riums, and which has received in our days the name of X. gracilis. 

‘The gypsum of the environs of Paris includes, moreover, the remains 
of other Pachyderms: the Cheropotomus, or water-hog, from yoipos, 
qrorupos, Which has some analogy with the pecari, though much 
larger; the Adapis, which reminds us of the hedgehog, of which, 
however, it was three times the size. It seems to have been a link 
between the Pachydermata and the inseetivorons earnivora. ‘The 
Lophiodon, the size of which varied with the species, from that of 
the rabbit to that of the rhinoceros, was still nearer to the tapirs 
than to the Anoplotherium; it is found in the lower beds of the 
gypsum, that is to say, in the “ Calcaire Grossier,” or coarse lime- 
stone. The remains of these animals are, however, so imperfect that 
Tittle can be advanced with certainty upon their organization and 
habits. . 

‘A Parisian geologist, M. Desnoyers, librarian of the Museum of 
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he series of British fossils, and the fossil bat known as the Vespertilia 
Among the reptiles the crocodile, which bears the name 


The forms hitherto unknown of Solizaster are remarkable among: 
he echinoderms; the zoophytes are also abundant, expecially the 
aminifera, whieh seem to make up in their numbers for defici 

in their dimensions, It-was in this period, in the bosom of its seas, 
“fur from shore, that the Nummudites hai their birth, whose eal- 
reous enyelopes play such a considerable part as the elements of some 
the tertiary formations. ‘The shelly agglomerates of these mollusks 
ite very important rocks of the period. The Nummolitic lime- 
forms in the chain of the Pyrenees entire mountains of great 
ght ; in Egypt, it constitutes banks of great extent, and it is from 
e rocks that the ancient pyramids were formed. What time 
have been necessary to convert the spoil of these small shells 
into beds many hundreds of yards thick? The species of Milliolites 
v 





Trionyz, floats on the river, in the midst of Nymphaus and Ne 
and other aquatie plants. Whilst a herd of Palwotherinms, Ar 
riums and Xiphodons peacefully browse the grass of the wi 
of this tranquil oasis. 


With a good general resemblance in their fossils, no hi 


flint used for millstones. Hence it ly tite 
institute an exact comparison between the various 
English and Fronch series. It is clear that on the sites both 
and London a continual change was going on in 
flora by the coming in of new species and dying out 
proportionate changes in the geographical conditions: 

in consequence of the rising and sinking of the land 

of the sea. A particular subdivision of time was 
sented in one area by land, in another by an estuary, 

and even where the conditions were in both 
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often shallow water in one, and deep sea in another, producing a want 
of agreement.” The eocene rocks, as developed in France and 
England, may be tabulated as follows :— 


Bsoiasi. Faexen, 


1. Thanot sands, 1, Bracheus and, 

Lower Eocene | 2. Plustio clay and sand, Gypsense for- {Pa lay and *lig- 

: “8, London clay. mation. . nite, 

. 8. London elay, 

1. No equivalent, 1, Milliolitic limestone, 

2. Bagshot beds. Calcaire Gr 2. Nummulitic limestones 
3B, Cerithitie limestone. 

1. Barton clay and UBerctianp set 

white sand. 
Upper Eocene 2 odcm a Ha Argile Plastic 2. Sitiowntinelone 


& Grima of = Mont- 
8. Bembridge beds. 


Middle Kocune{ 


The Argile Plastic, or plastic clay, are extensive beds of sand with 
oceasional beds of potter's clay, which lie at the base of the tertiary 
formation in France. Habitually variegated, sometimes grey or 
white, it is employed as a potter's earth in the manufacture of delf 
ware. This deposit seems to have been formed chiefly in fresh water. 
At its base it is a conglomerate of chalk and of divers caleareous breceia 
cemented by siliceous sand, in which was found at Bas-Meudon some 
remains of reptiles, turtles and crocodiles, of mammifera, and, more, 
remains of a large bird, equalling the ostrich in size, and named the 
Gaslornis, which Professor Owen classes among the wading rather than 
among aquatic birds, In the Soissonais there is found at the same level 
a great mass of lignite, inclosing some shells and bones of the most 
Pocient Pachyderm yet discovered, the Coryphodon, which partakes at 
onea of the Anoplotherium and of the Cochon. The Sables Infé- 
rieure, or Bracheux sands, form a marine bed of great thickness near 
Beauvais; they are principally sand, but include beds of calcareous 
clay and banks of shelly sandstone, and are considered to be older than 
the plastic clay and lignite, and to correspond with the Thanet sandy 
in England, hey are rich in shells, including many Nummulites. 
At La Fere, in the department of the Aisne, a fossil skull of Aretocyon 


oz 
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Primus, supposed to be related to the ‘bear, and to’ be’ the! olde 
tertiary mammifer, was found in a deposit of this age. 

‘The Caleaire grossier, consisting generally of limestone of yarions 
kinds, and of a coarse—sometimes compact grain, is suitable for mason- 
work, These beds, which form the most characteristic member of the 
Paris basin, naturally divide themselves into three groups of beds 
characterized, the first, by Nwyeulites, in which the London clay is 
slightly represented ; the second by MiWiolites ; and the upper beds 
by Cerithiter; after which the beds ure sometimes named Nam- 
iulitie limestone, Milliolitic limestone, and Cerithitie limestone 
Above these a great mass, generally sandy, is developed. It it 
marine at the base, and there are indications of brackish water im ile 
upper parts ; it is called Beauchamp sandstone, or Sable Moyen, and 
divides the Grossier caleaire from the gypseous beds. The siliccous 
limestone, ox lower travertin, is a compact siliceous limestone ex- 
tending over » wide area, and resembles a precipitate from mineral 
waters. ‘The gypscous formation consists of a long series of marly and 
argillaceous beds, of a greyish, green, or white colour ; in the interval 
of which a powerful bed of gypsum, or sulphate of lime, ia intercalated. 
‘This gypsum bed is found in its greatest thickness at Montmartre and 
at Pantin, near Paris. Its existence is probably due to the action of the 
free sulphuric acid upon the carbonate of lime of the formation; the ” 
sulphuric acid itself being produced by the tmnsformation of the 
gaseous masses of sulphureted hydrogen emanating from yoleanio 
mouths into that element, by the action of air and water, It was, a8 
we have already said, in the gypsum quarries of Montmartre that the 
numerous bones of Palzotherium and Anoplotherium were found. It if 
exclusively at this level that we find the remains of these : 

which seem to have been preceded by the Coryphodon, and al 
wards by the Lophodon; an order of successive appearance 

now pretty well established. Tt ney by allel Got ne 
cocene formation, from its lowest beds to the summit, is composed of 
beds of plastic clay of the Calcaire grossier, with n 
liolites, followed by the gypseous beds ; the series terminating in 
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Fontainebleau sandstone beds, remarkable for their thickness and also for 
their fine landscapes, without reckoning their usefulness in furnishing 
paving-stone for the capital. In Provence the same series of rocks are 
continued, and attain an enormous thickness. This upper part of the 
eocene deposit is entirely of lacustrine formation. Grignon has pro- 
cured from a single spot, where they were embedded in a calcareous 
sand, no less than four hundred fossils, chiefly formed of comminuted 
shells, in which, however, were well-preserved species both of marine, 
terrestrial, and fresh-water shells. Of the Paris basin, Sir Charles 
Lyell says, “Nothing is more striking in the assemblage of fossil 
testacea than the great proportion of species referable to the genus 
Cerithium, There oceur no less than a hundred and thirty-seven 
‘such species in the Paris basin, and almost all of them in the Caleaire 
grossier. Most of the living Cerithia inhabit the sea near the 
mouths of the rivers where the waters are brackish ; so that their 
abundance in the marine strata now under consideration is in harmony 
with the hypothesis that the Paris basin formed a gulf into which 
several great rivers flowed.” 

'To give the reader some idea of the formation, first come the lime- 
stones and lower marls, which contain fine lignite or wood coal pro- 
duced from vegetable matter buried in moist earth, and excluded from 
all air; 2 material which is worked in some parts of the south of 
France as actively as a coal-mine. In these lignites Anodontas and 
other fresh-water shells are found. 

From the base of Saint-Victoire to the other side of Aix, we trace 
@ conglomerate characterized by its red colour, but which loses its 
‘unity in its prolongation towards the west. This conglomerate con- 
tains terrestrial Helix of various sizes, mixed with fresh-water shells, 
Upon this conglomerate, comprising therein the marls, rests thick 
bank of limestone with gypsum of Aix and Manosque, which is believed 
to correspond with that of Paris, some beds being remarkably rich in 
sulphur, The calcareous, marly flagstones which accompany the 
‘gypsum of Aix contain some insects of various kinds, and some fishes 
resembling Lebias cephalotes. Finally, the whole terminates at 
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Manosque in new beds of marl and of sandstones, intersected 
fanks of limestone with Limna and Planorbia. At the foot of this | 
series are found three or four beds of lignite more fusible than onal, 
which also gives ont a very sulphureous oil. We may form some exti- | 
mate of the tRickness of this bed, if we add that, above the beds of | 
fusible lignite, we may reckon sixty others of dry lignite, some of them 
capable of being profitably worked if this part of Provence were pro- 
‘vided with more convenient roads. 

“The Nummulitic forenition, with its characteristic fossils,” says 
Lyell, “plays a far more conspicuous part than any other tertiary 
group in the solid framework of the earth’s crust, whether in Europe, 

» Asia, or Africa. It often attains a thickness of many thousand feet, 
and extends from the Alps to the Carpathians, and is in fall fores in 
the North of Africa, It has been traced from Egypt, where it war 
largely quarried of old for building tho Pyramids, into Asia Minor, and 
across Persia, by Bagdad, to the mouths of the Indus, It occurs in 
Cutch, in the mountain ranges which separate Scinde from Persia, and 
which form the passes leading to Cabul, and eastward as far as Bengal 
and the frontiers of China.” 

“When we have once arrived at the conclusion,” he adds, “that 
the Nummulitic formation occupies 2 middle place in the eocene 
serias, we are struck with the comparatively modern date to which 
some of the greatest revolutions in physical googmphy must be 
referred, All the mountain chains, such as the Alps, Pyrenees, Ou- 
pathians, and Himalayas, into the composition of whoee central) andl 
loftiest parts the Nummulitic strata enter bodily, could have had no 
existence till after the middle eocene period.” 

In England the mottled clay of Hampshire and the Tsle of Wightix 
often seen in contact with the chalk, but at other points, Mx. Prestwielt 
shows that the Thanet sands intervene between the chalk and the 
Woolwich beds, which lie below the London clay. 

This formation consists of tenacious brown and blaish-grey clay, 
with layers of the concrete called Septaria, well known on the Emax) 
coast, where ib is collected for making Roman cement, Above thie 
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great bed, which extends from Norfolk to the Isle of Wight, lie the 
Bmcklesham and Bagshot beds, which consist of beds of light-yellow 
sand with an intermediate layer of dark-green sand and brown clay, 
over which lie the Barton elay and white sands, the Headon beds, and 
Bppemeee terion: Sho latter coomisting of limentans, day 400 maz} of 
marine, brackish, and fresh-water origin. 

es strata, Professor Ramsay thinks, extended in their day 
much further west, “ because,” he says, “ here, at the extreme edge of 
the chalk escarpments, you find ontlying fmgments of them,” from 
which he argues that they were originally deposited all over the chalk 
as Fess ce ee sat being formal oot strata they were “ de- 
annded ” backwards, 


Fig. 156,—Corithium teleseopiusn, 





period is a mixture of the vegetable forms proper 
climate of Equetorial Africa with those which grow 


Bauhinia, Mimosites, and Acacias; some Apoeynew 

those of our equatorial regions; a Rubiacem quite tropical im Stein 

hauera, mingle with some maples, walnut-trees, beeches, elms, oaks, 

and wych-elms, genera suitable to temperate and even cold countries 
Besides these, there were still mosses, mushrooms, some charas, ever | 


greens, fig-trees, pline-trees, and poplars. “ During the 

of the tertiary epoch,” says Le Coq, “the alge and marine monooo- 
tyledons wore less abundant than in the preceding age; the ferns als» 
diminished, the mass of conifers were reduced, and the species of 
palms multiplied. Some of those cited in the preceding period sill 
belong to this, and the magnificent Flabellaria, with the fine Pha 
nicites, which we see now for the first time, gave animation 
landseape. Among the conifers some new genera appear: among 
them we distinguish Podocarpens, a southern form of vegetation of the 
present age, Almost all the arborescent families have their represit: 


different are united. The waters are covered with Nymphea, Arilhinat, 
Brongniart, and with Myriophyllites capillifolius, Unger, Outiwiter 
animalis, Brongniart, and C. Geepperti, Munster, spring up in profi- 
sion upon their banks, and the grand Bambusinites sepultana threw | 
the shadow of its long articulated stem across them. Some analogous 
species occupy the banks of the great rivers of the New Worli, | 
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even one unibellifera, the Pompenellites aizioides, is indicated by 
Unger. 

Of this period date some powerful beds of lignite resulting from 
the accumulation for ages of all these different trees. It seems that 
arborescent vegetation had then attained its apogee. Some Smilacites 
interlaced like the wild yines with these grand vegetables, which fell from 
decay: some parts of the earth even now present these grand scenes 
of vegetation. They are still described by travellers who traverse the 
tropical regions, where nature often displays the utmost Inxury under 
the screen of clouds which permits no rays of the sun to reach the 
earth, M, D'Orbigny relates an interesting incident which is much 
to the point. “I have reached a zone,” he says, speaking of Rio 
Chapura, “where it rains regularly all the year. We can scarcely 
perceive the rays of the sun in the intervals through the screen of 
clouds which almost constantly veils it. This circumstance, added to 
the heat, gives an extraordinary development to its vegetation. The 
wild vines fall on all sides in garlands from the loftiest branches of 
trees whose summits are lost in the clouds.” 

‘The fossil species of this period, to the number of 133, resemble those 
which enrich our landseapes. Already the trees of the tropics mingle 
“with the vegetables of temperate climates, but not yet with the same 
species. The oaks grow beside the palms, the birch with the bamboos, 
the elms with the laurel; the maples are united to the Combretacew, 
to the leguminiles, and to the tropical Rubiacew. The forms of the 
species belonging to temperate climates are rather American than 
Enropean. 

‘The luxuriance and diversity of the miocene flora has been employed, 
as none but a German savant could, in identifying and classifying the 
middle tertiary, or miocene strata. We are indebted to Professor Heer, 
of Zurich, for the restoration of more than 9. 0 plants, which he clas- 
sified and illustrated in his ‘ Flora Tertiara Helvetie.’ In order toappre- 
ciate the value of the learned Professor's undertaking, it is only neces- 
sary to remark that, where Cuvier had to study the position and cha- 
racter of a bono, the botanist had to study the outline, nervature, and 
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country not one-fifth the size of Switzerland, yet such an abundance 
_ of species, which Heer places at 3000, does not exist in any area of 
‘equal extent in Enrope. It exceeds in variety, he considers, after 
| making every allowance for all not living at the same time, and other 
| considerations :—the Southern American forests, and rivals such tropical 
-eonntries as Jamaica and Brazil, European plants occupy an insig- 
“nificant place, while the evergreens, oaks, maples, poplar, and plane- 
trees, robinias, and taxodiums of America and the Atlantic Islands, 
‘gecupy such an important place in the fossil flora, that Unger was 
induced to suggest the hypothesis that in the miocene period the 
present basin of the Atlantic was dry land, and this hypothesis is ably 
~ advoeated by Heer. 


‘The terrestrial animals which lived in the miocene period were 
‘mammifers, birds, and some reptiles, Many new mammifers had been 
created during the preceding period, among others, apes, cheiropteras, 
bats, carnivora, marsupials, gnawers, dogs. Among the first we find 
Pithecus antiquus and Mesopithecus ; the bats, dogs} and. coati | 
inhabited the Brazils and Guiana; the rats inhabited North America ; 
the genettes, the marmottes, the Squirrels, and opossums having some 
resemblance to the American opossums. Thrushes, sparrows, storks, 
flamingoes, and crows represent the birds. Among the reptiles appear 
some snakes, frogs, and salamanders, The lakes and rivers were inha- 
hited by perches and shad, But it is among the mammifers we must 
seek for the most interesting species of animals, ‘They are at oneo 
numerous, and remarkable for their dimensions and peculiarities of 
form; but the species which appeared in the, miocene period, as 
im those which preceded it, are only known by their fossils and 
bones, 

The Dinotherium, which is one of the most remarkable of these 
mammifers, is the largest which has ever lived. or « long time we 
possessed only very imperfect portions of the skeleton of this animal, 
and Cuvier was induced erroneously to place’ it among the tapins. 
‘The discovery of a lower jaw nearly perfect, armed with defensive 
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tusks descending from its lower jaw, demonstmted that this ‘hither 
mysterious animal was the type of a genusaltogether new and sing! 
Nevertheless, as it was known that there were some animals of 
ancient world in which both jaws were armed, it was 


a head, nearly entire, was found in the beds already celebrated 
Eppelsheim, in the Grand Duchy of Hesse Darmstadt. In 1837 
fine fragment was earried to Paris, and exposed to public view. 
was nearly a yard and a half long. The defences, it was found, were 
enormons, and were carried at the extremity of the lower n 

bone, and much curved inwards,as in the morse, The molar teeth 

in many respects analogous to those of the tapir, and the great hol 
under the orbits, joined to the form of the nasal bone, rendered the 


existence of a proboscis or trunk very probable. But the most 
remarkable bone whieh has yet been found is an omoplate or seapuls, 
which reminds us of the form of the mole, 
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| This colossus of the ancient world, respecting which so much has 
‘Been said, somewhat approaches the Mastodon: it seems to announce 
[the clephant, but its dimensions were infinitely greater than the 
‘living elephants, superior even to that of the Mastodon and the 
| Mammoth, both fossil elephants, of which we shall haye to describe 
the remains. 

From its kind of life, and its frngal regimen, this pachyderm 
| searcely merited the formidable name imposed on it by naturalists, 
of Seuds, terrible, @yploy, animal. Tis size was, no doubt, frightful 
enough, but its habits-seem to have been harmless. It is supposed to 
have inhabited the fresh-water lakes, or the mouths of great rivers and 
lagunes, by preference, Herbivorous like the elephant, it employed its 
 Ptoboscis probably in seizing the herbage suspended over the waters, 
| or floating on their surface. We know that the elephants are very 
partial to the roots of herbaceous vegetables growing in flooded plains. 
The Dinotherium appears to have been similarly organized, and pro- 
bably sought to satisfy the same tastes. With the powerful mattock 
which Nature had supplied him for penetrating the soil, he would be 
able to tear from the bed of the river or lake feculent roots like the 
nympheas, or even much harder roots, for which the mode of articula- 
tion in the jaws, and the powerful muscles intended to move them, as 
well as the large surface of the teeth, so well calculated for grinding, 
were evidently intended. 


The Mastodon was, to all appearance, very nearly of the size of 


Pla 180.—Teeth of Mastodon. 


‘our elephant ; his body, however, being somewhat longer, and his 
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of New York, but the discovery attracted little attention. In 
1739, 9 French officer, M. de Longueil, was traversing the virgin 
forests of the Ohio, in order to reach the great river Mississippi, and the 
savages who escorted him discovered quite accidentally, on the bank 
of a marsh, the bones of some unknown animal. In this turfy marsh, 
which the natives designated the Great Salt Lake, in consequence of 
the many streams charged with that mineral which lose themselves 
in it, herds of wild ruminants still seck its banks, attracted by the 
salt, of which they have a great fondness—the same cause pro- 
Tably attracted these great animals of more remote ages to its 
banks. M. de Longueil carried some of these bones with him ; and, 
‘on his return to France, he presented them to Daubenton arid Buffon: 
they consisted of a femur, one extremity of the defence, and threa 
molar teeth, Danbenton, after mature examination, declared them to 
be the teeth of a hippopotamus; the defence and the femur bone, 
according to his report, belonged to an elephant ; so that they were not 
even considered as belonging to the same animal. Buflon did not 
share this opinion, and he soon converted Danbenton, as well as 
other French naturalists, to his views. Buffon declared that the bones 
belonged to an elephant whose race had lived in the primitive ages of 
the globe. It was then that the fundamental notion of extinct 
species of animals exclusively belonging to the ancient ages of the 
world began to be entertained for the first time by naturalists—a notion 
of which they dreamed during nearly a century before it carried the 
admirable fruits which have since so enriched the natural sciences. 
Buffon gave the fossil the name of the Elephant of the Ohio, but 
he deceived himself as to its size ; he believed it to be eight times the 
‘size of our elephant, an estimate to which he was led by an erroneous 
‘intion of the number of the elephant’s teeth. The animal of the 
Ohio had only four molars, while Buffon was led to believe that it 
must have had sixteen, confounding the germs, or supplementary teeth, 
which exist in the young animal, with the teeth of the adult 
animal. In reality, however, the Mastodon was much larger than the 
African elephant, 
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locality. In the spring of 1801 a considerable part of one skeleton 
found by the furmer who had been employed to extract the soil, 
unfortunately it was much mutilated by his awkwardness, and by 
the precipitancy of the workmen, Having purchased these fragments, 
Mr. Peale sent them on to Philadelphia. 

In a marsh situated five leagues west of the Hudson the same 
discovered, six months after, a second skeleton of the Mas- 
consisting of a perfect jaw and a great number of bones. With 
Dones thus collected, the naturalist managed to construct two 
neatly complete. One of these still remain in the Museum 
of Philadelphia; the other was sent to London, where it was exhi- 
bited publicly. 









































Discoveries nearly analogons to these followed, the most curious of 
ich was made in this manner by Mr, Barton, a Professor of the 
‘ity of Pennsylvania. At six feet depth in the soil, and under a 
great bank of chalk, bones of the Mastodon were found sufficient to 
_ x 
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form another skeleton. One of tho teeth found weighed about. 
teen pounds (Fig. 164); but the circumstance which rendered 
discovery remarkable was, that in the middle of the bones, and enre 


Fig. 164 —Moter toot of Mastodon, 


‘The indigenous natives of North America called the animal the father 
of the ow. A French officer named Fabri wrote thns to Buffon in 1748. 
‘The natives of Canada and Louisiana, where these remains are abundant, 


traditions and in their ancient national songs. Here is 

songs, which Fabri heard in Canada. “When the g 

descended to the earth in order to satisfy himself that # 

he had created were happy, he interrogated all the 

bison replied that he would be quite contented with ; 
grasey meadows, where the grass reached his belly, if he were nob 
compelled to keep his eyes constantly turned towards the 1 1 
catch the first sight of the father of oven, as he descended with 
to devour him and bis companions.” 

‘The Chavanais Indians have a tradition that these g 
lived in former times, conjointly with a mee of men 
proportionate to their own, but that the Great Beingd 
repeated strokes of his terrible thunders, 
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The native Indians of Virginia had another legend. As these 
gigantic elephants destroyed all other animals specially created to 
supply their wants, God, the thunderer, destroyed them; a single one 
only succeeded in escaping. It was “a great male, which presented 
its head to the thunderbolts and shook them off as they fell ; but being 
at length wounded in the side, he took to flight towards the great lakes, 
where it remains hidden till this day.” All these simple fictions prove 
at least that the Mastodon has lived upon the earth at some not very 
distant epoch. We shall see, in fact, that it is contemporaneous with 
the Mammoth, which only preceded a little the appearance of man, 

Buffon, as we have said, gave to this great fossil animal the name 
of the Elephant of the Ohio; it has also been called the Mammoth of 
the Ohio, In England it was received with astonishment. Dr. 
Hunter showed clearly enongh, from the femur bone and the teeth, 
that it was no elephant; but having heard of the existence of the 
Siberian Mammoth, he at once came to the conclusion that they were 
bones of that animal. He even declared the teeth to be carnivorous, 
and the idea of a carnivorous elephant became one of the wonders of 
the day. Cuvier at once dissipated the clonds which had gathered 
round the subject, pointing out the osteological differences between 
the several species, and giving to the American animal the appro- 
priate name of Mastodon, from pacts, a teat, and d6ods, a tooth, 
or teat-like tooth. 

Many bones of the Mastodon have been found in America since 
those days, but the remains are rarely met with in Europe, except as 
fragments—as the portion of a jaw-bone discovered in the Red Crag 
near Norwich, which Professor Owen has named M. angustidens. It 
‘was even thought for a long time, with Cuvier, that the Mastodon 
belonged exclusively to the New World; but the discovery of many of 
the bones mixed with those of the mammoth Elephas primogenius 
has dispelled that opinion in our days. The bones have been found in 
great numbers in the Val D’Arno. In 1858 a magnificent skeleton 
was discovered at Turin, 

‘The form of the teeth of the Mastodon show that it feeds, like the 

x2 





308 WORLD BEFORE THE DELUGE. 
= 


elephant, on the roots and fleshy parts of vegetables; and this is can 
firmed by the curious discovery made in America by Burton. Tt lived, 
‘po doubt, on the banks of rivers and on moist and marshy lands 
Besides the Mastodon of which we have spoken, there existed in 
Europe a Mastodon one-third smaller than the elephant, 

There are some curious historical facts in connection with the 
remains of the Mastodon which ought not to be passed over in silenoa, 
On the 11th of January, 1618, the workmen in a sand-quarry situated 
near 'the Castle of Chaumont, in Dauphiny, between the cities of 
Montricourt and Saint-Antoine, upon the left bank of the Rhone, 
found some bones, many of which were broken up by them. Those 
bones belonged to some great mammiferous fossil; but the existence 
of such animals was at this time wholly unsuspected. Informed of 
the discovery, however, a surgeon of the country, named Mazuyer, 
purchased the bones, and gave out that he had himself discovered 
thom in a tomb, thirty fect long by fifteen broad, built of bricks, upon 
which he found the inscription Teutobocchus Rea, He added, that in 
the same tomb he found half-a-hnndred medals of Marius, This 
‘Teutoboechus was a barbarian king, who invaded Ganl at the head of 
the Cimbri, and who was vanquished at Aguee Seatiae (Aix in’Provence) 
by Marins, who led him to Rome, where he took part in his triumph, 
‘To support his invention, Mazuyer reminded the public that, according 
to the testimony of Roman authors, the head of the Teaton king sur- 
passed in height all the trophies borne upon the lances in the triumph, 
Tho skoleton which he exhibited was five-and-twenty feet in length 
and ten broad. 

Mazuyer exhibited the skeleton of the pretended Teutobocehus in all 
the cities of France and Germany, and also before Louis XIIL, who 
took great interest in contemplating this marvel. It gave birth to a 
long controversy, or rather dispute, in which the anatomist Riolan dis 
tinguished himself—arguing against Habicot, a physician, whose namo 
is buried in forgetfulness, Riolan attempted to prove that the bones — 
of the pretended king were those of an elephant. Numerous brochures 
were exchanged, as well as great personalities, when the opponents: 
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met, We learn, also, from Gassendi, that « Jesuit of Tournon, named 
Tacques Tissot, was the author of the notice published by Mazayer. 
Gassendi also proves that the pretended medals of Maris were con- 


Fig. 168.—Skeletom of Mesopitheens, 


troyerted on the ground that they partook of Gothic characteristics, 


It scems strange that these bones should have been taken for a 
amoment for human remains. The skeleton of Teutobocchus remained 
at Bourdeaux till 1832, when it was sent to the Museum of Natural 


Fig. 166,—Moaupltheews restored. One-fifth natural else, 


History of Paris, where M. de Blainville declared that they belonged 
to the Mastodon. 
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‘The apes make their appearance at this period, In the ossiferous 
eds of Sansan M, Lartet discovered the Dryopithaous, as woll as 
Pithocus antique, but only in imperfect fragments, Al, Albert Gantry 
was more fortunate: in the miocene rocks of Pikermi, in Greece, he 
discovered the entire skeleton of Mesopithecus, which we present here, 
together with the same animal restored. In its general organization 
it resembles the dog-faced baboon or ape, a piece of information which 
has guided the artist in the restoration of the animal, 


‘The seas of the miocene period were inhabited by great numbers of 
beings altogether unknown in earlier formations: we may mention no 


Mig. 165.—Astres longirestris, Ont quarter natura size. Hig, 168.—Murix Terovenals 


less than seventy marine genera which appear here for the first time, 
some of them species which haye come down to our epoch. Among 
these, the molluseous gasteropodes, such as Conus, Turbinella, Ranilla, 
Dolium, predominate, 

The foraminifera are also represented by new genera, among which 
are the Bolivina, Polystomella, and Dendritina, 

Finally, the crustaceans include the genera Pagurus, or the ems; 
Astacus, the lobsters, and Portwnus, or paddling crabs. Of the first, 
it is doubtful if any fossil species have been found: of the lust, specie 
have been discovered bearing some resemblance to Podophthalmus vigil, — 
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as P. Defraneii, which only differs from it in the absence of the sharp 
spines which terminate the lateral angles of the carapact in the 
former: while Portunus leucodon, Desmarest, bears some analogy to 
Lupea. 


‘An ideal Iandseape of the miocene period, which is given (Px. xx1v.) 


on the opposite page, represents the Dinotherium lying in the marshy 
grass, the rhinoceros, the Mastodon, and an ape of great size, the 

idheous, suspended from the branches of w tree. ‘The products 
of the vegetable kingdom are, for the greater part, analogous to those 
of our days. It is remarkable for its abundance, and for its graceful 
and serried vegetation: it still reminds us in some respects of the 
vegetation of the carboniferous period. It is, in fact, a continuation 
of the characteristics of that period, and from the same cause, namely, 
the submersion of the land under marshy waters, which has given 
birth to a sort of coal which is often found in the miocene formation, 
and which we eall Zignite. This imperfect coal does not quita re- 
semble that of the transition epoch, because it is of too recent date, 
and because it has not been subjected to the same internal heat accom- 
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panied with the same pressure of superincumbent beds which produced 
the older coal-beds of the transition epoch. 

The Zignites, which we find in the miocene, as in the eocene period, 
constitute, however, a combustible which is worked and utilized in 


Fig, 171. —Lupon petagion, 


many countries, especially in Germany, where it is made in many 
places to serve in place of coal. ‘These beds sometimes attain the 
thickness of twenty yards, but in the environs of Paris they form bels | 
of a few inches only, which alternate with clay and sand. We eannot 
doubt that the lignites, like the coal, are the remains of the buriel 
forests of the ancient world ; im fact, the substance of the woods of our | 
forests, often ina state perfectly recognizable, are frequently found in the 
lignite beds ; ‘and the studies of modern botanists haye demonstrated 
that the species of which the lignites are formed belong to a vegetation 
closely resembling that of Europe in the present day. 

Another yery curious substance is found in the lignite— yellow 
amber, or sucein, It is a resin, altered by time, which seams to have 
flowed from the trees of the tertiary epoch; the waves of the Baltic 
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Sea, corroding the lignite which lies under its bed, and detaching the 
amber in fragments, the substance, being lighter than water, rises to 
the surface, floats upon the waves, and is thrown upon the shore. For 
ages the Baltic has supplied commerce with this substance. The 
Phoenicians ascended its banks to collect this much-songht-for sub- 
stance, which is now chiefly found between Dantzic and Memel, where 
‘it is a government monopoly collected by contractors, who are pro- 
tected by a law making it theft to gather or conceal it, 

Amber, which has lost some of its value in commeree, retains all its 
paleontological value ; fossil insects are often found imprisoned in the 
nodules, where they have been preserved in ull their brilliant colouring 
and integrity of form: us the poct says— 

“The things themselves are neither rich nor rare, 

‘The wonder's how the devil they got there.” 
‘The anti-putrescent’and aromatic qualities have embalmed them, in 
order to transmit to our age the smaller beings and the most delicate 
organisms of the primitive world. 

‘The miocene rocks ure very imperfectly represented in the Paris 
basin, and they change their composition according to the localities. 
They are divided into two series of beds: 1, Molasse, or soft clay ; 
2, Faluns, or shelly marl. 

‘The molasse presents at its baso some quartzosa sand of great thick- 
ness, sometimes pure, sometimes « little argillaceous or micaceous. 
‘The beds include banks of sandstone, of which the quarries of Fontaine- 
Dleau, of Orsay, and Montmorency, are worked for paving-stone for the 
strects of Paris and the neighbouring cities. ‘This last formation is 
altogether marine. To these sands and sandstones succeeds a fresh- 
water deposit, formed of a white limestone, partly siliceous, which 
forms the soil of the plateau of La Beauce, between the valley of the 
Seine and that of the Loire, where it is called the Caleaire de la Beauce. 
It is there mixed with a reddish earth more or less sandy, containing 
small blocks of millstone silex, easily recognized by its yellow-ochreous 
colour and numerous winding, mazy cavities, which form their 
tissues. 


Puiocexz Pentop. 

‘This last period of the tertiary epoch was marked in some parts 
of Enrope by great movements of the terrestrial crust, always due to 
the same cause, namely, the continual and gradual cooling of the 
globe. This leads us to recall what we have repeatedly stated, that 
this cooling, during which the onter zone of the fluid mass passes to 
the solid state, leads to furrows and wrinkles in the external surface, 
sometimes accompanied by fractures through which the viscous semi- 
finid matter pours itself; leading afterwards to the upheaval of 
mountain ranges through these gaping interstices: thus during 
the pliocene period many mountains and mountainous chains were 
formed in Europe by basaltic and volcanic eruptions. These upheavals 
would be preceded by unexpected and irregular movements of the 
elastic mass of the soil—earthquakes, in short; phenomena which 
have been already sufficiently explained. 


In order to appreciate the vegetation of the period as compared 
with that with which we are familiar, let us listen to M. Lecoq: 
“ Arrived, finally,” says that author, “at the last period which pre- 
ceded our own epoch—the epoch in which the temperate zones were 
still embellished by equatorial forms of vegetation, which were how- 
ever slowly declining, driven out as it were by a cooling climate and 
by the invasion of more vigorous species—great terrestrial com- 
motions took place: mountains are covered with eternal snow; conti- 
nents now take their actual forms; but many great lakes now dried up 
still existed ; great rivers flowed majestically through smiling countries, 
whose surface man had not yet come to modify.” 

“Two hundred and twelve species compose this rich flora, in which 
the ferns of the ‘earlier ages of the world are scarcely indicated, 
where the palms seem to haye quite disappeared, and we see forms 
much resembling those which are constantly under our observation, 
The Culmites aurundinaceus, Unger, abounds near the water, where 
also grows the Oyperites tertiarius, Unger ; where floats Dotamogeton 
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geniculatus, Braun, ; and where we see submerged Isoctites Brunnii, 
Unger. Great conifers still form the forests, This fine family bas, 
as we have seen, passed through every epoch and still remains with ms; 
its elegant form and persistent evergreen folinge, as seen in the 
Tavodites, Thuyozylons, Abictites, Pinites, Eleovylons and Tazites, 
being still the forms most abundant in our nataral forests, 

“The predominating character of this period is the abundance of the 
group of the Amentacess : whilst the conifers are thirty-two in number, 
of the other we reckon fifty-two species, among which are many 
Enropean genera, such as Alnus ; Quercus, the oak ; Salix, the willow; 
Fagus, the bean; Betula, the birch; &e, 

The following families constitute tho arborescent flora of the period 


aces, Capparidaces, Sopoteaces, Signin Oleacew, Tunceacer, 
Exci 


“In all these families great numbers of European genera are foul, 
even more abundant in species than now. ‘Thus, as Brongniart 
observes, in this flora we reckon fourteen species of maple; thre 
species of onks 5 and these species proceed from two or three very 

circumscribed localities, which would not probably at the present time 
represent in a radius of several leagues more than three or four 
species of these genera,” 

An important difference is observable in the pliocene as compared 
with the preceding period : it i the absence of the family of palms 
in the European flora, as noted by Lecog, which forms such an 
essential botanical feature in the miocene period, We remark om this, 
because, in spite of the general analogy which exists between the 
vegetation of the Pliocene period and that of temperate regions in 
the present, it does not appear that there is any one species of the 
period identical with any one now growing in Europe, Thus the 
Enropean vegetation even at the most recent geological epoch differs — 
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in its species from the vegetation of our age, although a general 
resemblance is observable between them. 


‘ 
j 
: 


‘The terrestrial animals of the pliocene period present us with a 
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The body of R. tichorhynus was covered very thickly with hairs, and 
its skin was without the rough and callous scales which we remark on 
the skin of the African rhinoceros. 

‘At the same, time with this gigantic species there existed a dwarf 
‘species about the size of our 


ton. The curvature of the 
nasal bone of the fossil rhino- 
ceros and its gigantic horn 
have given birth to many 
tales and popular legends. 
The Toc, which played so 
great a part in the fabulous 
myths of the people of Asia, 


the cranium and horns Of Mig. 173—Head of Rinncers seborhynay, restored under 


fossil rhinoceros, The famous Se 


dragon of westem tradition has the same origin. 

In the city of Klagenfurth, in Carinthia, is a fountain on which is 
sculptured the head of a monstrous dragon with six feet, and a head 
surmounted by a stout horn. According to the popular tradition still 
in fall forea at Klagenfurth, this dragon maintained itself in a cave, 
whence it issued from time to time to frighten and ravage the country. 
An undaunted chevalier kills the dragon, paying with his life this trait 
of his courage. It is the legend which is familiar to every country, 
including that of the valiant St. George and the Dragon and the 
legend of St, Martha, Nearly aboutsthe sume age appeared the fabu- 
Jons Tarasque of the Languedocean city, which bears the name of 
‘Tarascon. 

But st Klagenfurth the popular legend has happily found a mouth- 
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~ piece—the head of the pretended dragon, killed by the valorous knight, i= 
preserved in the Hétel-de-ville, and this head the sculptor has moulded 
for his fountain, and in it Herr Unger, of Vienna, recognized at a glanes 
the cranium of the fossil rhinoceros ; its discovery in some eave had 
probably originated the fable of the knight and the dragon. And all 
legends are capable of similar explanation when we can ascend to their 
sources, and reason upon the testimony on which they are founded, 
‘The traveller Pallas gives a very interesting account of a Rhinocercs 
tichorhynus which he saw with his own eyes withdrawn from the jo 
in which its skin, hair, and flesh had been preserved. Tt was in 
December, 1771, that the body of the rhinoceros was observed burial 
in the frozen sand upon the banks of the Viloui, a river which thriws 
, itself into the Lena below Yakoutsk, in Siberia, in 64° north Intitule. 
"<1 ought to speak,” the learned naturalist says, “of an interesting 
discovery which I owe to the Chevalier de Bril. Some Yakouts 
hunting this winter near the Viloui found the body of a large, un- 
known animal, The Sieur Ivan Argounof, inspector of the Zimovie, 
had sent on to Irkutsk the head and a foreand hind foot of the enimal, 
all very well preserved.” The Sieur Argounof, in his report, states that 
the animal was half-buried in the sand ; it measured as it lay three ells 
and three-quarters Russian in length, and he estimated its height at 
three and a half; the animal, still retaining its flesh, was covered with 
skin which resembled tanned leather; but it was so corrupted that he 
could only remove the fore and hind foot and the head, which he sent 
to Irkutsk, where Pallas saw them. “They appeared to me at first 
glance,” he says, “ to belong to a rhinoceros; the head 
quite recognizable, since ib was covered with its leathery skin, and the 
skin had preserved all its exterior characters and many short hairs. 
‘The eyelids bad even escaped total corruption, and in the cranium here 
and there, under the skin, I perceived some matter which e 
dontly the romain of putrifiod flésh. T also remarked in the feet 
remains of the tendons and cartilages where the skin had 7 
removed. ‘The head was without its horn, and the feet without hoofs. 
‘The place of the horn, and the raised skin which had surrounded it, 
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and the division which existed in both the hind and fore feet, were 
evident proofs of its being a rhinoceros. In a dissertation addressed 
to the Academy of St. Petersburg, I have given a full account of this 
singular discovery. I give there reasons which prove that a rhino 
ceros had penetrated nearly to the Lena, in the most northern regions, 
and which have Jed to the discovery of the remains of other strange 
‘animals in Siberia, I confine myself here to describing the country 
where these curious remains were found, and to the cause of their 

“The country watered bg the Viloui is mountainous ; all the stratifi- 
cation of these mountains is horizontal. They consist of selenitic and 
calcareous schists and clay, mixed with numerous beds of pyrites. On 
the banks of the Viloui we meet with coal much broken; probably 
eoal beds exist higher up near to the river. The brook Kemtendoi 
skirts a mountain entirely formed of selenite or crystallized sulphate of 
lime and of rock salt, and this mountain of alabaster is more than 
three hundred versts (about two hundred miles), in ascending the 
Viloui, from the place where the rhinoceros was found. Opposite to 
the place we see near the river 2 low hill, about a hundred feet high, 
which, though of sand, contains some. beds of millstone. The body of 
the rhinoceros had been buried in coarse gravelly sand near to this 
‘hill, and the nature of the soil, which is always frozen, had preserved. 
it, The frozen soil near the Viloui descends to a great depth, for, 
although the rays of the sun will soften the soil to the depth of two 
yards in more elevated sandy places, in the valleys, where the soil is 
one half sand and the other clay, it is still frozen at the end of 
summer at half an ell below the surface. Without this intense cold 
the skin of the animal and many of its parts would long since haye 
perished. The animal could only have been transported from some 
southern country to the frozen north at the epoch of the deluge, for the 
most ancient chronicles speak of no changes of the globe more recent to 
which we could attribute the deposit of these remains and of the bones 
‘of elephants which are found dispersed all over Siberia.” L 

In this extract from the voyages of Pallas, the author, not to repeat 

¥ 
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himself, refers to a memoir inserted in the ‘Commentarii’ of the Aca- 
demy of St, Petersburg. This memoir, written in Latin, bears the 
title ‘ Upon some Animals of Siberia.’ After some general considerations, 
- he relates the circumstances attending the discovery of the fossil rhino- 
ceros, with some official documents affirming their correctness: the 
manner in which the facts were brought under his notice by the 
Goyernor of Irkutsk, General Bril. “The skin and tendons of the 
head and feet still preserved considerable flexibility, imbued as it 
were with humidity from the earth, bat the flesh exhaled a fetid 
odour, resembling the ammonia of the latrime, Compelled to eross the 
Backal Lake before the ice broke up, I could neither make a sufi- 
ciently careful deseription or design of the parts of the animal, but I 
made them place the remains, without leaving Irkutek, upon a far 
nace, with orders that after my departure they should be dried by 
slow degrees and with the greatest care, continuing the process for 
some time, for the viscous matter which continued to ooze out could 
only be dissipated by great heat. It happened, unfortunately, that 
during the operation the posterior part of the upper thigh and the 
foot wore burnt in the overheated furnace, and they were thrown 
away; the head and the extremity of the hind foot only remaining: 
intact and undamaged in the process of drying. ‘The odour of the 
softer parts, which still contained viscous matter in their interior, was 
ctunged. by th devotion cle ene seeming a 
posed in the sun. 

“othe shinoceros to which the members, Bslongsd ram silstaa 
for its species nor advanced in age, as the bones of the head 

yet it was evidently an adult from the comparison made of 

the cranium as compared with that of others of the some species more 
aged, which were afterwards found in the fossil state in divers parts 
of Siberia. The entire length of the head from the 

nape of the neck to the extremity of the denuded bane of the jaw wis 
thirty inches; the horns were not with the head, but we 7 
see evident vestiges of two hors, the nasal and frontal. ‘The from 
unequal and a little protuberant between the orbits, and of a rhom- 
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Loidal egg-shape, is deficient in the skin, and only covered by a light, 
ny membrane, bristling with straight hairs hard asa horn. 
“The skin which covers the greatet part of the head ts, in the dried 

state, a tenacious, fibrous substance, like curried leather, of a, brownish- 

black on the outside and white in the inside; when burnt, it had the 
dour of common leather; the mouth, in the place where the lips 

} cla aia rl el ar ae 
the extremity of the maxillary bone was naked, Upon the left side, 

which had probably been longest exposed to the air, the skin was here 
and there decomposed and rubbed on the surface, while the right side 
was s0 well preserved that the pores, or little holes from\which the 
hairs had fallen, were still visible all over that side as well as the 
front and round the orbits. In the right side of the jaw there were in 
certain places numerous hairs in groups or fascienles, for the most part 
subbed down to the roots, but still retaining their full length, here and 
there standing erect, rigid, and of an ashy colour, but with one or 
two black, and stiffer than the others, in each fascicule. 

“ What was most astonishing, however, was the fact that the skin 
which covered the orbits and formed the eyelids was so well preserved 
and so healthy thet the openings of the eyelids could be seen, though 
deformed and scarcely penetrable to the finger ; the skin which sur- 
rounded the orbits, though desiccated, formed circular furrows, The 
cavities were filled with matter, either argillacéous or animal, such as 
still occupied a part of the cavity of the cranium. Under the skin the 
fibres and tendons still subsisted, and above all the remains of the 
temporal muscles : finally, in the throat hung some great bundles of 
smuseular fibre. The denuded bones were young and less solid than in 
other fossil cranii of the same species. The bone which gave support 
to the nasal horn was not yet attached to the vomer ; it was deficient 
in the articulations of the processes of the young bones. The extremities 
of the jaws preserved no vestige either of teeth or alveola, but they 
‘were covered here and there with integumentary remains, The first 
molar was distant about four inches from the extreme edge of the jaw, 

“The foot which remains to me, und which, if I am not mistaken, 

¥2 
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strange aspect. Fig. 174 is a representation of the Sivatherium 
restored. At the same time it is to be noted that hitherto only the 


Vig. 174 —Sivarheriom restored. 


As if to rival these gigantic mammifera, great numbers of reptiles 
seem to have lived in the pliocene period, although they are no longer 
of the same importance as in the secondary epoch. Only one of these, 
however, need occupy our attention: it is the Salamander, The 

* living salamanders are amphibious batrachians, with smooth skins, 
which rarely attain the length of twenty inches. The Salamander of 
the tertiary epoch had the dimensions of a crocodile ; its discovery 

~ opens a pregnant page in the history of geology : the skeleton of this 
reptile was long considered to be that of a human victim of the 
deluge, and was spoken of as homo dilwvii testis. It required all 
the efforts of Camper and Cuyier to eradicate this error from the 
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The reader has before him the 
fossil of the schistose rocks of 
‘Eningen (Fig. 175). It is obviously 
impossible to find in this skeleton 
what the enthusiastic savant wished 
to see, And we can appreciate 
from this instance the errors to 
which a preconceived idea blindly 
followed may lead. How a 
naturalist who really was so capable 
as Scheuchzer could have found 


in this enormous head, and in 
these upper members, the least re- 
semblance with the same osseous 
parts in man is incomprehensible! 

‘The preadamite “witness to the 
deluge” made a great noise in 


Germany, and no one there dared 
to dispute the opinion of the Swiss 
naturalist, under the double aspect 
of theologian and savant, which 
probably is the reason why Gesner, 
in his ‘Traité des Petrifactions,’ 
published in 1758, deseribes with 
admiration the fossil of CEningen, 
which he attributes, with Scheuch- 
ner, to the antediluvian man. 
Pierre Camper alone dared to 
oppose himself to this, the public 
opinion then universally professed 
Germany. He went to 
@ningen in 1787 to study the cele- 
brated fossil; he had no difficulty 
in detecting the error into which 
Scheuchzer had fallen. He recog- 
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or cae amma al mae as 
jungle-fow!, and ducks. 


In the marine fauna of the period we see, for the first time, marine 
mammifera or cetacea—the Dolphin and Balewnodon belonging to 
the period, although science knows very little of the fossil species 
belonging to the two genera, Some bones of dolphins, found in 
different parts of France, apprise us, however, that the ancient 
species differed from those of our days. The same remark may 
be made respecting the narval. This cetacean, so remarkable for 
its long tusk in form of a horn, has at all times been an object 
of curiosity. 

These whales, whose remains are found in the rocks of eocene 
formation, differ little from the actual whales. But the observations 
geologists have been able to make upon these gigantic remains of the 
ancient world are too few to permit of any very precise conclusions. 
It is certain, however, that the fossil whale does differ from the actual 
whale in certain characteristics drawn from the bones of the cranium. 
‘The discovery of an enormous fragment of a fossil whale, made at 
Paris in 1779, in the catacombs of a wine-merchant in the Rue de 
Danphiné, made a great sensation. Science pronounced withont 
much hesitation that these were genuine remains; but the public 
failed to comprehend the existence of a whale in the Rue de Dauphiné. 
Tt was in making further excavations in his cellars that the wine-mer- 
chant made this interesting discovery. His workmen met under the 
pick, buried in a yellow clay, an enormous piece of bone. Its 
complete extraction caused him a great deal of labour, and presented 
many difficulties, Little interested in making further discoveries, our 
wine-merchant contented himself with raising, with the help of a 
chisel, 2 portion of the monstrous bone. The piece thus detached 
weighed 227 ponnds. It was exposed by the wine-merchant, and 
large numbers of the curious went to see it. Among others, Lamanon, 
@ naturalist of that day, who, examining it, conjectured that the 
hone had belonged to the head of a whale. As to the bone itself, it 
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was purchased for the Musoum of Teyler, at Haarlem, where it still 


remains, 

There exists in the Museum of Natural History of Paris only a copy 
of the bone of the cetacea of the Rue de Dauphiné, which retains the 
name of Balenodon Lamanona: its examination by Cuvier led him 
to recognize it as 2 bone belonging to one of the antediluyian Balwns, 
which differ not only from the living species, but from all others 
mown at the time. 

Since the days of Lamanon, other bones of Balenm have been’dis- 
covered in the soil in different countries, but the study of these fossils 
has always left something to be desired. In 18060 Balens fosal 
was disinterred at Monte Pulgnaseo by M_Cortesi ; another was foun 
in Scotland. In 1816 many bones of this animal were discovered in 
a little valley formed by a brook running into the Chiavana, one of 
the afiluents of the Po; but no very rigorous study of cither of these 
bones was undertaken. 

Cuvier has established, among the cetacean fossils, a particular 
genera which he designates under the name of Ziphius. ‘The animals 
to which he gave the name, however, are not identical either with the 
whales, Balenw, the Cachelots or sperm whales, the Hyperoodons 
‘They hold, in the order of cetaceans, the place that the Paleotheriums 
and Anoplotheriums occupy among the pachyderms, or that which the 
Megatherium and Megalonyx occupy in the order of the Edentate, 
The Ziphius still live, in the Mediterranean, 


The species of mollusks which distinguish this period from all 
others are very numerous. They include the Cardiums, Panopra, 
Peetens, Fusns, Murex, Cyprea, Voluta, Chenopus, Buecinum, and 


many others, 


The pliocene rocks are divided into lower and upper, or older 
pliocene, including the red crag of Suffolk, containing marine shells, 
of which sixty per cent. are extinet species, resting on a white or 
coralline crag ; and newer plioeene, whieh inelndes, 1. the Bridlington 
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‘beds, with arctic marine fauna; 2. Chillesford beds, with marine shells, 
chiefly arctie; 3. Norwich crag, with marine shells, and bones. of Mas- 
fodon arvenensis. 

‘The foreign equivalents of the older pliocene are found in the sub- 


Big. 116 —Peeten Jacutans, 


Apennine strata. These rocks are sufficiently remarkable in the 
county of Suffolk, where they consist of a series of marine beds of 
quartzose sand, coloured red by ferrnginous matter. 

‘At the foot of the Apennine chain, which forms the backbone, as 
it were, of Italy, throwing out many spurs, the formations on either 
side and on both sides of the Adriatic are tertiary strata; they form, 
in many cases, low hills lying between the Apennines of secondary 
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formation and the sea, the strata generally being a light-brown ot 
bluish marl covered with yellow caleareons sand and gravel, with some 
fossil shells, which, according to Broche, are found all over Italy. But 
this wide range includes some older tertiary formations, as in the 
Superga of Turin, which is miocene. 

The Antwerp crag, which is of the same age with the red crag of 
Suffolk, forms great accumulations upon divers points of Europe: at 
Antwerp, in Belgium, at Carentan and Perpignan, and, we believe, in 
the basin of the Rhone, in France, The thickest deposits of this 
rock consist of clay and sand, alternating with marl and arenaceons 
limestone. This constitutes the sub-Apennine hills, alluded to above 
as extending on both slopes of the Apennines. This deposit occupies 
the Upper Arno. Its presence is recognized over a great part of 
Australia. Finally, the seven hills of Rome are composed in part of 
marine tertiary rocks belonging to the pliocene period. 

The coralline erag ranges over about twenty miles between the 
Stour and the Alde, with a breadth of four—a mass of shells, bryozoa, 
and small corallines, mixed with marl, passing occasionally into a 
soft building-stone, It is so thick in Oxfordshire, that in some 
quarries the bottom has not been reached at the depth of fifty feet. 

Many of the corals and bryozoa belong to extinct genera: they are 
supposed to indicate an equable climate free from intense eold; an 
inference rendered more probable by the prevalence of northern forms 
of shells, such as Glycimeris or Cyprini, and Astarte. The late Pro- 
fessor Forbes, to whom science is indebted for so many philosophical 
deductions, pomts out some remarkable inferences drawn from the 
fauna of the Phocian seas. It appears that in the glacial period, which 
we shall shortly have under consideration, many shells, previously 
established in the temperate zone, retreated southwards, to avoid an 
uncongenial climate. The Professor gives a list of fifty which inha- 
bited the British seas while the red crag was forming, but which are 
all wanting in the glacial deposits; from which he infers that they 
migrated at the approach of the glacial period, and returned when the 
temperate climate was restored, 
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The newer pliocene prevails over Norfolk, Suffolk, and Essex, where 
it is popularly known as the Crag. In Essex it rests directly on the 
London clay. Between Weyborne and Cromer it rests on the chalk. 
‘Near Orford, in Suffolk, it rests on the Chillegford beds conformably, 
the Bridlington beds being nearly contemporaneous with them. 

Tn Pr. xxv, an ideal landseape of the plibeene period is given 
‘under Enropean latitudes, At the bottom of the picture, a mountain 
recently thrown up reminds us that the period was one of frequent 
convulsions, in which the soil was disturbed and overthrown, and 
mountains and mountain ranges made their appearance. The vegeta- 
emer oesl with that of one deys ‘We see assembled in 

the more important creations of the period—the fossil 
e been restored from the remains which have been found, 
m their descendants where they still exist, 


1@ close of the pliocené period, and in consequence of the 
by the seas of the tertiary epoch, the map of Enrope is 
it is now: few permanent changes have occurred to 

7b its general outline. Although the point docs not admit of 
on, there is strong presumptive proof that in this period, 
or those immediately subsequent to it, the entire Eugppean area, with 

‘some trif_ing exceptions, including the Alps and Apennines, emerged 

deep. In Sicily, lower pliocene rocks, covering half the 

ce of the island, have been raised from two to three thousand 

the level of the sea, Fossil shells have been observed at 

‘of eight thousand feet in the Pyrenees; and, as if to fix 

date of upheaval, there are great masses of granite which have 

the lias and the chalk, Fossil shells of the period are 

filso found at ten thousand fect in the Alps, at thirteen thousand in 
the Andes, and ut eighteen thousand in the Himalayas. 

Tn the mountainous regions of the Alps it is always difficult: to 
determine the age of beds, in consequence of the contorted state of 
the strata: for instance, the lofty chain of the Swiss Jura 
consists of many parallel ridges, with intervening longitudinal valleys; 
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the ridges formed of curved fossiliferous strata, which are exten- 
sive in proportion to the number and thickness of the formations 
which have been exposed on upheaval. The proofs which thes 
regions offer of comparatively recent elevation are mmerous: in the 
central Alps, cretaceous, oolitic, liasic, and eocene strata, are found at 
the loftiest summits, graduating insensibly into metamorphic rocks of 
granular limestone, and into talcose and mica schists. In the eastern 
parts of the chain the older fossiliferous rocks are recognized in similsr 
positions, presenting proofs of tremendous Plutonic action ;,oolitie and 
cretaceous strata having been raised twelve thousand feet, eocene ten 
thousand, and miocene four and five thousand feet above the level of 
the sea, Equally striking proofs of recent elevation exist in the 
Apennines: the celebrated Carrara marble, once supposed, from its 
mineral texture and the absence of fossils, and from its resting, 1. on 
taloose schists ; 2. on quartz and gneiss, to be very ancient, now turns 
out to be an altered limestone of the oolitic series, and the 
crystalline rocks metamorphosed secondary sandstone and shale. Had 
all these rocks undergone complete metamorphose, another page in the 
earth's history would have been obliterated. As it is, the prools of 
what we state are found in the gradual approach of the rocks to their 
unaltered conditign as the distance from the intrusive rock increases, 
This intrusive rock, however, does not always reach the surface, bub 
it exists below at no great distance, and is observed piercing throngh 
the taleose gneiss, and passing up into secondary strata. 

At the close of this epoch, therefore, there is every probability that 
Europe and Asia had pretty nearly attained their present general 


outline, 


re, 





QUATERNARY EPOCH. 


‘Tux quaternary epoch of the history of our globe follows the tertiary 
epoch, and brings the narrative of its revolutions down to our own 
times. * 

The tranquillity of the globe is only troubled during this epoch by 
certain cataclysms whose sphere is limited and local, and by a passing 
trouble which most unexpectedly affects its temperature: the deluges 
and the glacial periol—these are the two remarkable peculiarities 
which distinguish this epoch. But the fact which predominates in 
the quaternary epoch, and distinguishes it from all other phases of 
the earth's history, is the appearance of man, the culminating and 
supreme work of the Creator. 

In this Jast phase of the history of the earth geology recognizes 
three chronological divisions : 

1, The European deluges. 
2, The glacial period. 
8. The creation of man and subsequent Asiatic deluge. 

Before describing the three orders of events which occurred in the 
qnaternary epoch, we shall present a brief sketch of the organic 
Kingdoms of nature, namely, the animals and vegetables which 
flourished in this epoch, and the new formations which arose. Lyell 
and some other geologists designate this the Posr Tmertary Erocn, 
which they divide into—1. The Post Pliocene Period; 2, Recent, 
or Upper Post Pliocene. 
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hippopotamns, as large and as formidably armed as that now inhabiting 
the African solitudes; beside it, the two-horned rhinoceros; three 
Species of Bos, one of which was hairy and borea mane. Some stags of 
‘gigantic size, as compared with living species, bounded over the plains. 
Th the same savannahs lived the reindeer, the goat, a horse of small 
size, the ass, the bear and the roe; for the mammalia had succeeded 
‘to the ichthyosaurii of a former age. Nevertheless, the epoch had its 
tyrants also, A tiger, as large as the largest of the Bengal tigers, 
hunted its prey in the British jungles, Another animal of the 
feline race, the Machairodus, was probably the most ferocious and 
destructive of carnivora; bands of hyenas and a terrible bear, sur- 
passing in size that of the Rocky Mountains, had established itself in 
the caverns; two beavers and an ape were ushered into creation. 

‘The discovery of the remains of most of these animals in caverns 
‘was perhaps among the most interesting discoveries of geology. The 
first discovery was made in the celebrated Kirkdale Caves in Yorkshire, 
which have been described by Dr. Buckland, and afterwards at Kents- 
hole, near Torquay. This pleasant Devonshire town is built in a 
ereek, shut out from expostire on all sides except the south. In this 
creek, hollowed ont of the rocks, is the great fissure or cavern known 
as Kents-hole: like that of Kirkdale, it has been under water, from 
whenee, after a time more or less in extent, it has emerged, but had 
remained entirely closed till the moment when chance led to its dis- 
covery. The principal cavern is six hundred feet in length, with 
amany crevices or fissures of smaller extent ranging in various direc- 
tions in the rocks. A bed of hard stalagmite of very ancient forma- 
tion, which hhas been again covered with a thin bed of soil, forms the 
floor of the eavern, which is a red sandy clay, In this bed was 
disinterred o mass of fossil bones belonging to extinct species of 
bears, tigers, lions and hyenas. 

Such an assemblage gave rise to all sorts of conjectures, It was 
generally thought that the dwelling of some beasts of prey had been 
discovered, and that these bones of horses, stags and others wera the 
remains of their prey. Others asked if, in some cases, instinct did not 
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the ox, Bos priscus and primogenius; the gigantic stag, Cervus 
tnegaceros ; to which we may add the Dinornis and Zpeornis, among 
birds. Tn America there existed in the quaternary epoch some 


| 
i 


FAentata of colossal dimensions and of very peculiar structure : these 
were Megatherium, the Megylonye and the Mylodon : we shall pass 
these animals in review, beginning with those of our own hemi« 


sphere. 
a2 
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‘The Mammoth, the skeleton of which is represented in Fig. 178, 
surpassed the largest elephants of the tropics in size, for it wat 
sixteen to cighteon fect in height. The monstrous tusks with which 
it was armed were twelve to thirteen feet in length, curving infos 
half circle. ‘The form of its teeth permits of their being distinguished 
from its congener the Mastodon ; for while the teeth of the latter have 
pointed tuberosities in the form of a mammelon on their surface, those 
of the Mammoth, like those of the Indian elephant, have a broad 
mnited surface, with regular furrowed lines of large curvature, The 
tecth of the Mammoth are four in number, like the elephants, two in 


each jaw, when the animal is adult: its head elongated, its frontal 
concave, its jaws curved and troncated in front, are characteristics of 
the Mammoth. It has been an easy task, as we shall gee, to reeagnize 
the general form and structure of the Mammoth, and even 

We know beyond a doubt that it was thickly covered with long 
shaggy hair, and that a copious mane floated upon its neck and along 
its buck; its trank resembled that of the Indian elephant; its baly 
was heavy, and its legs comparatively shorter than the latter animal, of 
which, nevertheless, it had many of the habits. Blumenbach gaye it 
the specific namo of Elephas primogenius, 

Tn all ages and almost all counttieg Skala have been 
made of fossil bones of clepbants in the soil. Pliny has transmitted 
to us a tradition collected by the historian Theophrastus, who wrote 
three hundred and twenty years before Jesus Christ, of the existence 
of bones or fossil ivory in the soil of Greece, that the bones were 
sometimes transformed into stones: “These bones,” the historian 
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gravely tells us, “were both black and white, and born of the earth,” 
Some of the elephants’ bones having a slight resemblance to those of 
man, they have often been taken for human bones. In the earlier 
historic times these great bones, accidentally disinterred, have passed 
as haying belonged to some hero or demigod; at a later period they 
were taken for the bones of giants. We have already spoken of the 
mistake made by the Greeks in taking the patula of n fossil 
elephant for the knee-bone of Ajax; in the same manner the bones 
revealed by an earthquake, and attributed by Pliny toa giant, belonged, 
no doubt, to a fossil elephant. To a similar origin we may assign the 
pretended body of Orestes, thirteen feet in length, which was dis- 
covered at Tegea by the Spartans; those of Asterius, the son of Ajax, 
discovered in the Isle of Ladea, of ten cubits (about eighteen feet), 
according to Pausanius; finally, such were the great. bones found in 
the Isle of Rhodes, of which Phlegon, of Tralles, speaks in his: 
* Mundus Subterrancus,’ 

We might fill volumes with the history of the remains of pretended 
giants found in ancient tombs, The books, in fact, which exist formed: 
a voluminous literature in the middle ages—its title gigantology.. 
All the facts, more or less real, true or imaginative, may be explained 
dy the accidental discovery of the bones of some of these gigantic 
animals. We find in this medieval work the history of a. pretended 
giant, discovered in the fourth century, at Trapani, in Sicily, of which 
Boceaceio speaks, which may be taken for Polyphemus; of another, 
found in the sixteenth century, according to Fasillus, near Palermo ; 
others, according to the same author, at Melilli, between Leontium and 
Syracuse, at Calastri and Petralia, at each of which places the bones of 
pretended giants were disinterred. P. Kercher speaks of three other 
giants found in Sicily, of which only the teeth remained perfect. 

Tn 1577 a storm having uprooted an oak near the cloisters of 
Reyden, in the Canton of Lucerne, some large bones were exposed to 
view. Seven years after a physician and Professor of Basle, Felix 
Plater, being at Lucerne, examined these bones, and declared they 
eould only proceed from a giant. The Council of Lucerne consented 
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machine, was witness to the discovery of the bones of an elephant, 
buried in the shelly limestone, or musselkalk. Along with it were found 
its enormous tusks, which should have sufliced to establish its zoolo- 
gical origin. Nevertheless they were taken for horns, and the illus- 
trious Leibnitz composed out of the remains a strange animal, carrying 
a horn in the middle of its forehead, and in each jaw a dozen molar 
teoth, a foot long. Having fabricated this fantastic animal, Leibnitz 
named it also; he called it the fossid unicorn. In his ‘ Protogn,’ a work 
remarkable besides as the firstattempt ata theory of the earth, Leibnita 
gave the description and a drawing of this imaginary being. During 
more than thirty years the unicorn of Leibnitz wus universally 
aceepted throughout Germany; and nothing less than the discovery 
of the entire skeleton of the Mammoth in the valley of Unstrutt was 
required to make them renounce the idea, This skeleton was at once 
recognized by Tinzel, librarian to the Duke of Saxe-Gotha, as an 
elephant, and was established as such ; not, however, without a uo 
controversy with adversaries of all kinds. 

In 1700, a soldier of Wurtemberg accidentally observed some bones 
showing themselves projecting out of the earth, in an argillaceous soil, 
near the city of Canstadt, not far from the banks of the Necker. 
Haying addressed a report to the reigning Duke, he caused the place 
to be excavated, which occupied nearly six months. A veritable 
cemetery of elephants was discovered, in which were not less than 
sixty tusks. Those which were entire were preserved ; the fragments 
were abandoned to the court physician,. and they became a mere 
vulgar remedy. In the last century the fossil bones of bears, which 
were abundant in the country, were administered in Germany as a 
medicament. It was then called the dicorn fossil. The magnificent 
tusks of the Mammoth found at Canstadt helped to combat fever and 
colic. What an intelligent being this court pyeiaie i Mcneadees 
must have been! 

Numerous discoveries like those we have quoted distinguished the 
eighteenth century, but the progress of science has rendered such mis- 
fakesas we have had to relate impossible, These bones were now univer~ 
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they are always found, which proves that we ehould not the less find 
them throughout the whole extent of the country if we had the same 
means of searching for them.” 

Every year in the season of thawing, the vast: rivers which descend 
to the Frozen Ocean in the north of Siberia sweep down with their 
‘waters numerous portions of the banks, and expose to view the bones 
buried in the soil and im the excavations left by the rushing waters. 
Cuvier gives a long list of places in Russia in which interesting 
discoveries haye been made of elephants’ bones, and it is certainly 
curious that the more we advance towards the north in Russia the 
more numerous and extensive do the bone repositories become. In 
spite of the undoubted testimony, often repeated, of numerous travellers, 
wwe can scarcely credit the statements made respecting some of the islands 
of the glacial sea near the poles, situated opposite the mouth of the Lena 
and of the Indigirska. Here, for example, is an extract from ‘ Belling’s 
Voyage’ concerning these isles ;—* All the island nearest to the main 
Jand, which ig about thirty-six leagues in length, except three or four 
small rocky mountains, is a mixture of sand and ice, so that when the 
thaw sets inand its banks begin to fall many Mammoth bones are found. 
All the isle,” Belling adds, according to his translator, “is formed of the 
‘bones of this extraordinary animal, of the horns and eranii of buffaloes, 
or of an animal which resembles them, and of some rhinoceros horns.” 

New Siberia and the Isle of Lachon are for the most part only an 
agglomeration of sand, of ice, and of elephants’ teeth. At every 
tempest the séa casts ashore new quantities of Mammoths’ tusks, and 
the inhabitants of Siberia carry on a profitable commerce in this fossil 
ivory. Every year during the summer innumerable fishermen’s barks 
direct their course towards this isle of bones, and during winter im- 
mense caravans take the same route, all the convoys drawn by dogs, re- 
turning charged with the tusks of the Mammoth, weighing each from 
150 to 200 pounds. The fossil ivory thus withdrawn from the frozen 
north is imported into China and Europe, where it is employed for the 
same purposes as ordinary ivory, which is furnished, as we know, by 
the clephant and hippopotamus of Africa and Asia, 
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inundations of the river Tam-schuanu-my took place, in 1571, it often 
showed itself in the plain; it is nourished by the roots of the plant 
fu-kia.” 

‘The existence in China of the bones and tusks of the Mammoth is 
sufficiently confirmed by the following extract from an old Russian 
traveller, Isbrant Ides, who, in 1692, traversed the Chinese empire. 
In the extract which follows we remark the very surprising fact of the 
discovery of a head and foot of the Mammoth which had been pre- 
‘served in ice, with all the flesh. “In the mountains which lie to the 
north-east of the river Kala we found,” says the traveller, “ the teeth 
and bones of the Mammoth ; they were found on the banks of the 
rivers Senizea, Trugan, Mungazea, and the Lena, in the environs of the 
city of Takutskoi and up to the Frozen Ocean. All these rivers pass 
across mountains, of which we shall haye occasion to speak, and in the 
season of thawing their frozen courses are so impetuous that they tear 
up the mountains and sweep with their waters masses of earth of 
prodigious size. The inundation over these masses of earth remain 
on the banks, and becoming dry, we find in the middle of them the 
teeth of the Mammoth, and sometimes even the Mammoth entire, A 
traveller who lived with me in China, and who employed a whole year 
in seeking for their tecth, assured me that he once found in a piece of 
frozen earth the head of one of these animals, with the flesh decom- 
posed, with the tusks attached to the muzzle like those of the elephants, 
and that he and his companions had great trouble in tearing asunder 
the bones of the head, and among others that of the neck, which was 
still stained with blood; that having finally searched more forward in 
the same mass of carth, he found there a frozen foot of monstrous 
‘size, which he carried to the city of ‘Tragau. This foot was, from what 
the traveller said to me, of the circumference of a large man about the 
middle of the body. 

“The people of the country have various opinigns about these 
animals, The idolaters, like the Lakoutas, the Tunguses, and the Os- 
tiukas, say that the Mammoth lived in spacious caverns which they 
never left; that they could wander here and there in these caverns ; 
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but that while they havo live in these places, the caverns have 
been raised and afterwards sunk into a deep abyss, forming now 
a profound precipice; they are also convinced that a Mammoth 
dies the instant he sees the light, and they maintain that it is 
thus those have perished which are found on the banks of srivers 
near their dens, from which those individuals have inconsiderately 
advanced, J 
“The old Russians of Siberia believe that the Mammoths are only 
elephants, though the tecth found be a little more curved and thicker 
in the jaw than in that animal. ‘Before the deluge, they say, ‘the 
conntry was warmer and the elephants which: basked in the waters, 
and were afterwards interred in the md, more numerous. The climate 
became very cold after this catastrophe. The mud much frozen and 
with it the bodies of these elephants, which the frozen earth preserved 
uncorrupted till the time when the thaw revealed them.’” 


‘This recital may scem suspicious to some readers, We have ourselves 


some difficulty in believing that this head and foot were taken from the ice, 
with the flesh and skin, when we consider that this animal has been ex- 
tinct probably more than ten thousand years. But the assertion of Tsbrant 
Ides, who lived in 1692, is confirmed by respectable testimony of more 
recent date. In 1800 a Russian naturalist, Gabriel Sarytechen, tra- 
yolled in Northern Siberia, Having arrived in the neighbourhood of 
the Frozen Ocean, he found upon the banks of the Alasveia, which 
throws itself into this sea, the entire body of a Mammoth wrapped up 

in a shroud of ice. The body was in a complete state of preservation, 
for tho permanent contact of the ico had keptout the air and prevented 
decomposition, Tt is well known that at zero and below it, animal 
substances will not putrefy, so that in our households we ean preserve 
all kinds of animal food as long as we can surround them with a bed 
of ice, and thisgis what happened to the Mammoth found by Gabriel 
Sarytschen in the ice of the Alaswia. The rolling waters had disen- 
gaged the mass which had imprisoned the monstrons pachydema for 
thousands of yeurs. ‘The body in a complete state of preservation and 
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enclosed in its flesh and its skin, to which long hairs adhered in 
certain places, found itself again nearly erect on its four feet. 

‘The Russian naturalist Adams again, in 1806, madea discovery quite 
as extraordinary as the preceding. We borrow his recital from the 
“Commentarii” of the Academy of St. Petersburg, as translated by 
Cnyier. In 1799, a Tungusian fisherman observed among the ice- 
ergs, upon the banks of the Frozen Sea, near the mouth of the Lena, an 
odd-shaped block which he did not examine. The following year he 
perceived that this mass was a little more disengaged, but he had not 
yet divined what it could be. ‘Towards the end of the year following, 
one entire side was exposed, and he now discovered the whole side 
and tusks of the Mammoth distinetly issuing from the ice. It was 
not till the fifth year, when the ice having melted quicker than usual, 
this enormous mass was stranded on a bed of sand on the coast. In 
the month of March, 1804, the fisherman removed: the tusks. It was 
not till two" years after this that Mr. Adams, of the St Petersburg 
Academy, who was travelling with Cont Golovkni, sent by the 
Bussian Czar on an embassy to China, having been informed of the 
discovery at Yakoutsk, betook himself to the place. He found the 
‘animal already much mutilated. The Yakoutskes of the neighbourhood 
had cut off the flesh to feed their dogs ; wild beasts had also mangled 
it. Nevertheless, the skeleton remained nearly entire, with the excep- 
tion of one fore-foot. The spine of the buck, a scapula, the pelvis, and 
tho remains of the three limbs were still connected by the ligaments 
and a portion of the skin; the missing scapula was found a little 
distance off, ‘The head was covered with a dry skin; one of the cars, 
well preserved, was furnished with a tuft or mane; the balls of the 
eyes were still distinguishable ; the brain still occupied the cranium, 
‘ut was dried up; the under lip had been rubbed and the upper lip had 
been destroyed to expose the jaws; the top of the neck was farnished 
with a flowing mane; the skin was covered with tafts of black hairs 
and reddish wool. What remained of the animal was so heavy that ten 
persons could scarcely carry it. There was recovered, according to 
Mr, Adams, more than thirty pounds of hair and wool which the 
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white bears had taken from it, and buried in the moist soil, while 
devouring the flesh. The animal was a male; its tusks were mor 


than nine feet in length, and its head and tusks weighed more thin | 


four hundred pounds. 

Mr. Adams tock every care to collect all that remained of this 
unique specimen of an ancient creation. He succeeded in repurchase 
ing the tusks at Yakoutsk, and the Emperor of Russia, who became 
the parchaser of this precious monument, paid him eight thousand 
roubles ; it is deposited in the Academy of St. Petersburg, We have 
yet to find,” says Cuvier, “any individual equal to it.” 

The Mammoth (Fig. 180) is, without doubt, the most important of 


Fig, 180 —Maminoth restora 


all the animals of the ancient world yet discovered, and reconstituted, 
so to speak, by modem scienee, It is on these grounds we have dwelt 
at unusual length upon the principal traits of its history, im the 
course of which we have been able, besides, to give many interesting 


| 
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facts drawn from the annals of different countries in which their 
remains have been found. 

Dogs and other voracious animals had devoured the flesh of the 
Mammoth found on the shore of the Frozen Ocean, Adams transported 
its bones to St, Petersburg, and they now form the finest skeleton of the 
Elephas primogenius which exists. Beside the skeleton of this famous 
Mammoth, there is placed that of an Indian elephant, and another 
elephant with skin and hair, in order that the visitor may have a 
proper appreciation of the vast proportions of the Mammoth as com- 
pared to them. Px. xxvz., on the opposite page, represents the saloon 
of the Museum of St. Petersburg, which contains these three interesting 
remains, 

We cannot doubt, after such testimony, of the existence in the frozen 
north of remains of the Mammoth almost entire. The animals seem 
to have perished suddenly; seized by tho ice at the moment of their 
death, their bodies have been preserved from decomposition by the per 
sistent action of the cold. If we suppose that one of those animals 
had fallen accidentally into the crevasse of some glacier, we could 
explain to ourselves that its body, buried immediately under eternal 
ice, had been maintained intact during these thousands of years. 

In Cavier's great work on fossil bones, he gives a long and minnte 
enumeration of the diverse regions of Germany, France, Italy, and 
other countries which have furnished in our days bones or tusks of the 
Mammoth. We venture to quote two of these descriptions, “In 
October, 1815,” he says, “there was discovered at Canstadt, in Wur- 
temberg, near which some remarkable discoveries were made in 1700, 
a very remarkable deposit, which the King, Frederick T. caused to be 
exeayated and its contents collected with the greatest care. We are 
even assnred thnt the visit which the prince, in his anlour for all that 
was great, paid to this spot contributed to the malady of which he 
died a few days after. An officer, Herr Natter, had commenced some 
excavations, and in four-and-twenty hours had discovered twenty-one 
teeth, or parts of teeth, and a great many bones. The king having 
ordered him to continue the excavations, on the second day they came 
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aecompanied Kotzebue's expedition as naturalist, brought to Europe a 
tusk four feet long and five inchos in diameter. 

‘Tt is very strange that the Hast Indies, that is, one of the two 
regions which is now the home of the elephant, should be the only 


gigantic Mammoth inhabited all the regions of the globe where the 
climate agreed with tliat in which elephants are now found, namely, 
tropical countries: from which we must raw the conclusion to which 
So many other inferences lead, that, at the epoch in which these 
animals lived, the temperature of the earth was infinitely higher than 
in our days. 

Among the antediluvian carnivora one of the most formidable seems 
fo have been the Ursus spelous, or exvern bear, (Fig. 181.) This 
species must haye been a fifth, if not a fourth, larger than the brown 
bear of our days, It was also more squat: some of the skeletons we 


possess are from nine to ton fect long, and only about six feet high, 
The U. speleus abounded in France, in Belgium and Germany; 
and so extensively in the latter country that the teeth of the ante~ 
diluvian bear, as we have already stated, formed for a long time part 


Fig, 181. —Head of Ursus spelons, 


of its materia medica, under the name of the bicorn fossi. Fig. 181 
represents the head of the eavern bear. 
2a 
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At the same time with the Ursus speleus another carnivora, the 
Felis spelus, or gigantic tiger, lived in Burope. Twice the size of the 
present race of tigers, this animal combined many of the charucter- 
istics of both lion and tiger. Its remaina, which are rarely met with, 
would assign to the animal a length of more than four -yards, with » 
size exceeding that of the largest bull. 

‘Tho hyenas of our age consist of two species, the striped and the 
spotted hywnas, ‘The last presents considerable conformity im its 
structure with that of the post pliocene period, which Cuvier desig- 
nates under the name of the spotted fossil hyena, It seems to have | 
only been a little larger than the existing one. Fig. 182 represents 


the head of Hywna spelwa, whose remains, with those of others, were 
found in the caves of Kirkdsle and Kents-hole; the remaing of abont 
three hundred being found in the former. Dr. Buckland satisfied him- 
self, from the quantity of their dung, that the hysnas had lived there 
Tn the cave were found remains of the ox, young elephants, rhinoceros, 
horse, bear, wolf, hare, water-rat, and several birds. All the bones 
have the appearance of having been broken and gnawed by the 
teeth of the hywnas, and they occur confusedly mixed in loam or 
mud, or dispersed through the crust of stalagmite which covered them. 

‘The horso, then, ascends to the quaternary epoch, if not to the last 
period of the tertiary epoch, Its remains are found in the same zocks 
with those of the Mammoth and of the rhinoceros, Tt is distinguished 





POST PLIOCENE PERIOD. 35 


from our horse only by its size, which was smaller: its remains abound 
in the post pliocene rocks not only in Europe, but in America; so that 
an aboriginal horse existed in the New World before it was carried 
thither by the Spaniards, although we know that it was unknown ab 
the date of their arrival. This species then was extinet, and its disap- 
pearance can in no manner be attributed to the action of man, 

The oxen of the period were, if not identical, at least very near 
to our living species: there were three species—the Bos priscus, 
primigenius and Pallasii; the first with slender legs, with convex 
frontal, broader than high, and differing slightly from the Aurochs, 
but taller and with immense horns. The remains of B. priscus are 
found in France, Italy, Germany, Russia and America. B. primigenius 
was, according to Cuvier, the source of our domestic cattle. The Bos 
Pallasii is found in America and in Siberia, and resembles in many 
respects the musk-ox of Canada. 

Where these great mammifera are found we generally discover the 
fossil remains of several species of stags. The paleontological 
question as regards these stags is very obscure, and it is often difficult 
to determine if the remains belong to an extinct or existing species. 
‘This doubt does not extend, however, to the gigantic forest-stag, Cervus 
megaceros, one of the most magnificent of the antediluvian ani- 
mals, whose remains are still fréquently found in Ireland in the 
neighbourhood of Dublin; more rarely in France, in Germany, in 
Poland and in Italy. Intermediate between the stag and the elk, 
the Cervus megaceros partakes of the elk in its general proportions 
and form of its cranium, but it approaches the stag in its size and in 
the disposition of its horns. These magnificent appendages, how- 
ever, while they decorated the head of the animal and gave a most 
imposing appearance to it, must haye sadly impeded its progress 
through the thick and tangled forests of the ancient world, The 
length of these horns was between nine and ten feet, and they were 
so divergent that, measured from one extremity to the other, they 
occupied a space of between three and four yards, 

The skeleton of the Cervus megaceros is found in the calcareous 

242° 
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evidently designed to support a vast incumbent mass; it presented 
phalanges armed with nails or claws, short, thick and depressed. 
‘The animal was, as we have said, enveloped in, and protected by, a 
cuirass, or solid carapace, composed of plates which, seen from beneath, 
appeared to be hexagonal and united by dentated sutures, Above they 
represented double rosettes. ‘The habitat of Glyptodon clavipes was 
‘in the pampas of Buenos Ayres, and on the banks of an affluent of the 
Rio Santo, near Monte Video: specimens have been found not less than 
six feet in length. 

‘The tesselated carapace of the Glyptodon was long thought to 
belong to the Megatherium, but Professor Owen shows, from the 
anatomical structure of the two animals, that the cuirass belonged to 
one of them only, and that the Glyptodon, 

‘The Schistopleuron does not differ essentially from the Glyptodon, 





Pg. 183.—Schistoplenron typus. One-twentleth natural size. 


but is supposed to have been a different species of the same gener ; 
the chief difference between the two animals being in the structure of 
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the tail, which is massive in the first and in the other is composed of 
half-a-score of rings. In other respects the organization and habits 
are the same, both being herbivorous, and feeding on roots and vege 
table débris. Fig. 183 is the Schistopleuron typus restored, and as it 
is supposed to have lived. 


The Megatherium, or Animal of Paraguay, as it was called, is, at 
first view, the oddest and most extraordinary being we have yet bid 
under consideration, where all have been strange, fantastic and for- 
midable. The animal creation still goes on as if— 

“Nature made them and then broke the die.” 


If we throw a glance at the skeleton on the opposite page (Px. xvi) 
representing the first, which was found at Buenos Ayres in 1788, and 
which is preserved in the Museum of Madrid, it is impossible to avoid 
being struck with its unusually heavy form, at once awkwand and fan- 
tastic in all its parts. Tt is allied to the sloths, which Buffon tells us is 
“of all the animal creation thet which has received the most vicious 
organization—a being to which nature has forbid all | s 
which has only been created for hardships and misery.” Ta mie 
of the romantic Buffon is, however, hardly just. An 

tion of the Animal of Paraguay shows that its: 

be considered. either odd or awkward when viewed in connection 
with its kind of life and individual habits, a 
which renders the movements of the sloths so heavy, 

so painful on the level ground, gives them, on the . mar- 
yellons assistance when they live in trees, whose leaves form their 
exclusive food. In the same manner, if we peri 
Megatherium was created to burrow in the earth and feed mpon the 
roots of trees and shrubs, every organ of its heavy frame would 
appear to be perfectly appropriate to its kind of life, and well adapted 
to the special purpose which bas been assigned to it by the Creator. 
‘We ought to place the Megatherium between the sloths and ant-erters. 
Like the first, it fed exclusively on the leaves of trees; like the 
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second, it burrowed deep in the soil, finding there at once nourish- 
ment and shelter, It was large as an elephant or rhinoceros of the 
largest species. Its body measured twelve or thirteen feet in length, 
and it was between six and seven feet high. ‘The engraving on the 
opposite page (Px. xxvi1.) will convey more accurately than any words 
can the form and proportions of the animal, 

To the zeal and energy of Sir Woodbine Parish, the English reader 
is chiefly indebted for the materials on which our naturalists haye been 
enabled to reconstruct the history of the Megatherium. The remains 
collected by him were found in the river Salada, which runs through 
the pampas to the south of Buenos Ayres. A succession of three 
unusually dry seasons had left the waters so low as to expose the 
pelvis to view as it stood upright in the mud in the bed of the river. 
Further inquiries led to the discovery of two other complete skeletons, 
not far from the spot where the first had been found; and not far 
from them an immense shell or carapace, the bones connected with 
which crumbled ‘to pieces after exposure to the air. The osseous 
structure of this enormous animal, as furnished by Mr. Clift, an 
eminent anatomist of the day, under whose superintendence the 
skeleton was drawn, must have exceeded fourteen feet in length, and 
upwards of eight feet in height. The deeply-shaded parts show the 
portions which are deficient in the Madrid skeleton. « 

Cuvier pointed out that the skull yery much resembled the sloths, 
but that the rest of the skeleton bore relationship partly to the sloths 
and partly to the ant-eaters. 

The large bones which descend from the zygomatic arch along the 
eheek-bones would farnish a powerful means of attaching the motor 
muscles of the jaws. The anterior part of the muzzle is so fully de- 
veloped, so riddled with holes for the passage of the nerves and yessels 
which must haye been there, not for a trank, which would have been 
useless to an animal furnished with a yery long neck, but in the 
shape of « snout analogous to that of the tapir, 

‘The jaw and dental apparatus cannot be exactly stated, because the 
number of teeth in the lower jaw is not known, The upper jaw, 
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Profesor Owen has shown, contains five on each side; and from com 
parison and analogy with the Svelidotherium it may be conjectural 
that the Megatherium had four on each side of the lower jaw. Being 
without incisors or canines, the structure of its eighteen molars proves 
that it was not carnivorous: they each resemble the composite molars 
of the elephant. 

The yertebre of the neck, as exhibited in the foreshortened figure 
(Fig. 184), taken from Pander and D'Alton’s work, showing nearly a 
front view of the head, as well as the anterior and posterior extremities 


Fig. 144.—Skeloton of Megatheriurn foreshortened. 


of the Madrid skeleton, although powerful, are nothing compared to the 
volume of those of the other extremity of the body; for the hend 
seems to have been relatively light and defenceless. The lumbar 
vertebrae increase in a degree corresponding to the enormous enlarge 
ment of the pelvis and the inferior members. The yertebre of the 
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tail are enormous, as is seen in the margin, which represents the bones 
of the pelvis and hind foot, diseovered by Sir Woodbine Parish, now 
in the Musoum of the College of Surgeons. If we ad to these 


Fig. 185,—Bones of the pelvis of the Megatheriam. 


osseous organs the muscles, tendons and teguments which covered 
them, we must admit that the tail of the Megatherium could not be 
less than two feet in diameter. It is probable that, like the armadillo, 
it employed the tail to support the enormous weight of its body: it 
would also be a formidable defensive arm when employed as it is by 
the pangolins and crocodiles. The hind feet would be about three 
feet long and one foot broad. They would form a powerful implement 
for excavating the earth at great depths where the roots of vegetables 
penetrated. The fore feet would pose themselves on the soil ut its 
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fall of putrid carcases, the master of a vessel told me, that the small 
rendered it quite impassable. All the small rivers became 
saline, and this caused the death of vast numbers in particular spots; 
for when an animal drinks of such water it does not recover. Azam 
describes the fury of the wild horses, on a similar oceasion, rushing 
into the marshes ; those which arrived first being overwhelmed ani 
crashed by those which followed.” The upright position im which 
the various specimens of Megntheri were found indicates some 
such cause of death, as if the ponderous animal approaching the banks 
of the river when shrank within its banks hed been bogged in soft 
innd, sufficiently adhesive to hold it there till it perished. 


Like the Megutherium, the Mylodon closely resembles the sloth, 


Fig. 187.—Mylodon rotmstus, 


and it belonged exclusively to the New World. Smaller than the 
Megatherium, it differs from it chiefly in the form of the teeth. These 
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organs presented only molars with smooth surface, indicating that the 
animal fed on vegetables, probably the leaves and. tender buds of trees, 
As the Mylodon presents at once hoofs and claws on each foot, it has 
been thought that it formed the link between the hoofed and unguilic 
animals, ‘Three species are known which lived in the pampas of 
Buenos Ayres, 

Th consequence of some hints given by the illustrious Washington, 
Mr. Jefferson, one of his successors as President of the United States, 
discovered in a cavern of Western Virginia some bones which he 
declared to be the remains of some carnivorous animal. They consisted 
of a femur, a humerus, an ulna, and three claws, and half a dozen 
other bones of the foot. These bones Mr, Jefferson believed to be 
analogous to those of the lion, Cuvier sawat once the trae analogies 
of the animal. The bones were the remains of a species of gigantic 
sloth, the complete skeleton of which 
was subsequently discovered in the Mis- 
sissippi, in a state of preservation so com- 
plete that the cartilages still adhering 
to the bones were not decomposed. Jef- 
ferson called this species the Megalonyz. 

It partook in many points of the sloth : 
its size was that of the largest ox; the 
muzzle was pointed; the jaws armed 
with cylindrical teeth ; the anterior mem- 
bers much longer than the posterior ; 
the articulation of the fect oblique to the 
leg; two great toes, short, armed with 
Jong and very powerful claws ; the index 
finger more slender, armed with a claw 
less powerful also; the tail strong and Me 
solid: such were the salient points of rig. 198—tLower jaw of the Mylodon. 
the organization of the Megulonyx, 
whose form was a little lighter than the Megatherium, 
‘The country in which the Megatherie have been found is described 
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by Mr. Darwin as belonging to the great pampean formation, consisting 
partly of a reddish clay and partly of caleareous marly rock. Near the 
coast there are some plains formed from the wreckof the upper one and 
from mud and gravel thrown up by the sea during the slow elevation af 
the land, as shown in the raised beds of recent shells. At Punta Alte 
a highly-interesting section of the lately-formed plain is seen, in which 
many of these gigantic animal remains have been found. “These eon 
sisted,” says Mr. Darwin, “ first, of parts of three heads and other bones 
of Megatherium, the huge dimensions of which are expressed by its 
name; secondly, of the Megalonyz, a great allied animal ; thirdly, the 
Sceiidotherium, also an allied animal, of which I obtained a nearly 
perfect skeleton; it must have been as large as a rhinoceros; 
fourthly, the Mylodon, a closely-allied genus, of a size little inferior,” 

The remains on which Scelidotherium is founded included the 
cranium, which is nearly entire, with the teeth and part of the 
os hyoides, seven cervical, eight dorsal, and five sacral vertelsres, boll 
the scapule, und some other bones, The remains of the cranium 


Pig: 149,—Skul of Seelidotherium, 


indicated that its general form was an elongated, slender, compressed 
cone, beginning behind by a flattened vertical base, expanding slightly 
to the cheek-bono, and thence contracting to the anterior extremity. 
All these parts were diseovered in their natural relative positions, indi- 
eating, as Mr, Darwin observes, that the gravelly formation in which 
they were discovered had not been disturbed. 

The lower jaw-bone of Mylodon, which Mx. Darwin discovered at 
the tase of the cliff called Panta Alta, in Northem Patagonia, ad 
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the teeth entire on both sides: they are implanted in deep sockets, and 
only about one-sixth of the last molar projects above the alveolus, but 
the proportion of the exposed part increases gradually in the inner 
teeth. ; 


“The habits of these megatheroid animals,” says Mr. Darwin, 
“*were a complete puzzle to naturalists, until Professor Owen, with 
remarkable ingenuity, solyed the problem, 'The tecth indicate that 
they lived on vegetable food, and probably on the leaves and small 
twigs of trees. ‘Their ponderous forms and great curved claws seem 
so little formed for locomotion, that some naturalists have actually 
believed that, like the sloths, to which they are intimately related, they 
subsisted by climbing, back downwards, on trees, and feeding on the 
leaves. It was a bold, not to say preposterous idea, to conceive even 
antedilnvian trees with branches strong enough to bear animals as 
large as elephants. Professor Owen, with far more probability, 
Delieves that, instead of climbing on the trees, they pulled the branches 
down to them, and tore the smaller ones up by the roots, and so fed 
on their leaves. The colossal breadth and weight of their hinder 
quarters, which can hardly be imagined without being seen, become, 
on this view, of obvious service instead of being an incumbrance ; 
their apparent clumsiness disappears. With their great tails and 
huge heels firmly fixed like a tripod in the ground, they could freely 
exert the full force of their powerful arms and great claws. The 
Mylodon was furnished with a long extensile tongue, like that of the 
giraffe, which by one of those beautiful provisions of Nature thus 
reaches its leafy food.” 


‘Two gigantic birds seem to have lived in New Zealand during this 
epoch. The Dinornis,-which, if we may judge from the tibia, which 
is upwards of three feet long, and from its eggs, which are much 
larger than those of the ostrich, must have been of most extraordinary 
size for a bird, In Fig. 190 on attempt is made to restore, the 
Dinornis. As to the Epiornis, the egg only has been found. 
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Se og -26 ak tn plaial period es 
proaching, and already manifests itself. 


All these fossil bones belonging to the great mammalia which we 
haye been describing are found in the quaternary formation; but the 
most abundant of all are those of the elephant and the horse. The 
extreme profusion of the bones of the Mammoth crowded into the 
upper beds of the globe is only surpassed by the prodigious quantity 
of the bones of the horse buried in the same beds. ho singular 
abundance of the remains of these two animals prove that during the 
quaternary epoch the earth gave nourishment to immense herds of the 
horse and the elephant. It is probuble that from one pole to the 
other, from the equator to the two extremities of the axis of the 
globe, the earth must have formed a yast prairie without limits, 
whilo an immense carpet of verdure covered its whole surfuco; and 
such abondant pastures would be absolutely necessary to sustain this 
prodigious quantity of herbivorous animals of great size, 

‘The mind can scarcely realize the immense and verdant plains of the 
primitive world animated by the presence of an infinity of such inha- 
hitants. In its burning temperature, pachyderms of monstrous forms, 
Dut of peaceful habits, traversed the tall vegetation composed of 
grasses of all sorts. Stags of gigantic size, the head ornamented with 
enormous horns, consorted with the heavy phalanges of the Mammoth ; 
while the horse, «mall in size and compact of form, galloped and 
frisked round this magnificent horizon of verdure which no human 
eye had yet contemplated. 

Nevertheless, all was not quiet and tranquil in tho landseapes of the 
ancient world, Voracious and formidable carnassiers made a bloody 
war on the inoffensive herds. The tiger, the lion, and the ferocious 
hyzna, the bear, and the jackal, there selected their prey. On the 
opposite page an attempt is made to represent the great animals 
among the Edentate which inhabited the American plains during the 
quaternary epoch (Pt. xxrx.). We observe there the Glyptodon, the 
‘Megatherium, the Mylodon, and along with them the Mastodon. A 

2 
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newer pliocene sea, Afterwards, the bed of this sea was converted 
into dry land, and underwent several oscillations of level, so as to be, 
first, dry land supporting a forest ; then an estuary; then again land; 
and, finally, a sea near the mouth of a river, till the downward move- 
ment became so great as to conyert the whole area into a sea of con- 
siderable depth, in which much floating ice, carrying mud, sand, and 
boulders melted, letting its burthen fall to the bottom. Finally, over 
the till with boulders stratified drift was formed ; after which, but not 
until the total subsidence amounted to more than 400 fect, an upward 
movement began, which re-clevated tle whole country, so that the 
lowest of the terrestrial formations, or the forest bed, was brought up 
to nearly its pristine level, in such » manner as to be exposed at low 
tide, Both the descending and ascending movement seem to have 


Fig. 191.—Palnophognos Gesierk, Fossil tan, 
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THE EUROPEAN DELUGES. 


‘Tim tertiary formations in many parts of Europe are covered by beds 
of heterogeneous débris, which fill up valleyg more or less extensive. 
‘These beds are composed of divers elements, but proceed invariably from 
fragments detached from neighbouring rocks: the erosions which we 
remark at the bottom of the hills have greatly enlarged the valleys 
already existing ; the mounds of earth accumulated at the samo point 
which is formed of rounded materials, that is to say, rocks ground smooth 
and round by continual friction during a long period in which they haye 
been transported from one point to another—all these signs indicate 
that the denudations of the soil, the displacement and conveyance of 
heavy bodies to great distances, are due to the violent and sudden action 
of large currents of water, An immense wave has been thrown suddenly 
on the surface of the earth, making groat ravages in its passage, furrow- 
ing the earth and driving before it débris of all sorts in its disorderly 
course, Geologists give the name of dilwviwm to the formation thus 
removed and overturned, which from its heterogeneous nature brings 
under our eyes, as it were, the rapid passage of an impetuous torrent, 
a phenomenon which is commonly designated as a deluge. 

To what cause are we to attribute these sudden and apparently 
temporary invasions of dry land by passing currents of water? In all 
probability to the upheaval of some vast extent of dry land, to the 
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‘absent in equatorial regions. It consists of sand and clay, sometimes 
stratified, mixed with rounded and angular fragments of rock, generally 
of the same distriet ; and their origin has generally been ascribed to a 
series of diluvial waves raised by hurricanes, earthquakes, or the 
sudden upheaval of land from the bed of the sea, which had swept over 
continents, carrying with them-yast masses of mud and heavy stones, 
and forcing these stones over rocky surfaces so as to polish and impress 
them with furrows and strie. Other circumstances occurred, however, 
to establish a connection between this formation and the glacial drift. 
‘The size and number of erratic blocks increases as we travel towards 
the Arctic regions ; some intimate association exists therefore between 
it and the accumulation of ice and snow which characterize the 
approaching glacial period. 


There is very distinct evidence of two deluges succeeding each other 
in our hemisphere during the quaternary epoch. One we shall dis- 
tinguish as the two European deluges ; the other as the Asiatic. The 
two European deluges were anterior to the appearance of man; the 
Asiatic deluge is posterior to that event: the human race, then, in the 
early days of its existence certainly suffered from a great deluge. In 
the present chapter we confine ourselves to the two cataclysms which 
overwhelmed Europe in the quaternary epoch. 

‘The first occurred in the north of Europe, and it was produced 
by the upheaval of the mountains of Norway. Commencing in 
Scandinavia, the wave spread and carried its ravages into those regions 
which now constitute Sweden, Norway, European Russia, and the 
north of Germany, sweeping before it all the loose soil on the 
surface, and covering the whole of Scandinavia—all the plains and 
valleys of Northern Europe—with « mantle of shifting soil. As the 
regions in the midst of which this great mountainous upheaval oc- 
eurred—as the seas surrounding these vast spaces were partly frozen 
and coyered with ice, from their elevation and neighbourhood to the 
pole—the waye which swept these countries carried along with it 
enormons masses of ice: the collision of these several solid blocks of 
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and s6 fur inlond as the places where they are deposited for the eon- 
templation of the thonghtful ! 


‘The second European deluge is supposed to have been the result of 
the formation and upheaval of the Alps, which has filled with débris 
and moveable soil all the valleys of France, of Germany and Italy in 
a circumference which has the Alps for its centre, The proofs of a 
great convulsion at « comparatively recent geological date are 
numerous. The Alps may be from eighty to a hundred miles across, 
and the probabilities are that their existence is due, as Sir Charles 
Lyell supposes, to a succession of unequal movements of upheaval 
and subsidence: that the Alpine region had heen exposed for countless 
ages to the action of rain and rivers, and that the larger valleys were 
of pre-glacial times, is highly probable, In the eastern part of the 
chain some of the primary fossiliferous rocks, as well as oolitic and 
eretaceous rocks, and even tertiary deposits are observable ; but in the 
central Alps these disappear, and more recent rocks, in some places 
even eocene strata, graduate into metamorphic rocks, in which oolitic, 
cretaceous and eocene strata have been altered into granular marble, 
gneiss and other metamorphic schists; showing that eruptions con- 
tinned after the deposit of the middle eovene formations. Again, in 
the Swiss and Savoy Alps oolitie and eretaceous formations have been 
elevated to the height of twelve thousand feet, and eocene strata ten 
thonsand feet above the level of the sea; while in the Rothal, in the 
Bernese Alps, a mass of gneiss occurs a thousand feet thick, which 
rests on strata containing oolitic fossils, which have been again covered 
with the same strata, 

Besides these proofs of recent upheaval, we can trace eflects of 
two different kinds, resulting from the powerful action of masses of 
water violently displaced by this gigantic upheaval. At first broad 
tracks have been hollowed out by the diluvial waves, which have at 
these points*formed deep valleys, Afterwards these valleys have been 
filled up by materials borrowed from the mountain and transported 
into the valley; these materials consisting of rolled stones, argil~ 
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able thickness. It is recognizable in the neighbourhood of Paris. 
Tt rises a little both on the right and left, above the base of the 
mountains of the Black Forest and of the Vosges, and forms thick 
beds on the banks of the Rhine. 

‘The fossils contained in the diluvial deposits consist generally of 
terrestrial shells, lacustrine or fluviatile, for the most part species still 
living. In parts of the valley of the Rhine, between Bingen and 
Basle, the fluviatile loam or léss, now under consideration, is seen 
forming hills several hundred feet thick, and containing here and there 
throughont that thickness land and fresh-water shells; from which it 
seems necessary to suppose, according to Lyell, first, a time when the 
Téss was slowly accumulated, then a later period, when large portions 
of it were removed—movements of oscillation, consisting, first, of a 
general depression of the Jand, and then of » gradual re-elevation of 
the same. 


We have already noticed the caverns in which such extraordinary 


accumulations of animal remains were discovered : it will not be out 
of place to give here a résumé of the state of our knowledge con- 
cerning the bone caverns and bone breccias, 

‘The Bone caverns are not simple cavities hollowed in the rock ; they 
generally consist of numerous chambers or grottos communicating 
with cach other by narrow openings, which can only be entered by 
creeping, these entrances often extending to considerable distances, 
One in Mexico extends to several leagues, Perhaps the most re- 
markable in Europe is that of Gaelenrenth in Franconia. The 
Harz mountains contain many fine caverns ; among others Bawman's 
cavern, from which many bones have been taken. The Kirkdale 
cave, so well known from the deseription given of it by Dr, Buck- 
land, lying about twenty-five miles north-north-east of York, was the 
burial-place, as we have seen, of about three hundred hysnas belonging 
to individuals of different ages: besides some other animal remains, 
among them, the bones of wolves, hares, water-rats and birds, mixed 
with those of some herbivorous animals. Buckland states that the 
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as irregular as possible. The skeletons were rarely entire; the bones 
did not even occur in their natural position. The bones of small 
rodents were found accumulated in the cranii of great carnassiers. The 
teeth of bears, hywnas and rhinoceros were cemented with the cubites, 
or jaw-bones, of ruminants, The bones were very often polished and 
rounded, as if they had been suddenly transported from great distances ; 
others are fissnred ; others, nevertheless, are scarcely altered, Their 
state of preservation varied with the position of the cavern, 

‘The bones that are found most frequently in the caverns are those 
of the carnivor of the quaternary epoch : the bear, hymna, the lion and 
tiger. The animals of tho plain, and notably the great pachyderms— 


than 1000 skeletons have been’ taken, of which 800 belonged to the 
large Ursus spelwus,and sixty of the smaller species, with 200 hyenas, 
wolves, lions and gluttons, Tn the Kirkdale cave the remains, as we 
have seen, included about threo hundred hywnas of all ages. Dr. 


Buckland concludes, from these cireumstances, that the hyenas alone 
made this their den, and that the bones of other animals accumulated 
there had been carried thither by them as their prey: it is however 
now admitted that this part of the English geologists conclusions do 
not apply generally. In the greater number of caverns the bones of 
the mammifera are broken and rubbed as with a long transport, rolled, 
according to the geological expression, and finally cemented by the 
same mud, and surrounded by the rocks of the neighbourhood. Beside 
bones of hywnas are found not only the bones of inoffensive herbivora, 
but the remains of lions and of bears, All these circumstances unite 
in establishing that the bones which fill the caverns have been floated at 
random into these anfractuosities by the rapid current of the diluvian 
waves. The ossiferons grottos are generally found near the entranea of 
the valley, in the plain orata height which never exceeds the limits of 
the diluyial phenomena, We may, then, suppose thnt, in the greatest 
number of cases, the animals, surprised and killed by the sudden and 
impetuous torrents, have been drawn into the caverns by the currents, 
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which they are embedded. We find there, also, three or four species 
of birds which belong to the thrashes and larks, In the breooia at 
Nice the remains of some great carnivora are found, among which are 
detected two species, congeners of the lion and panther. At San- 
Siro, in Sicily, the breccia contains the bones of some species of dog. 

But the breccia is not confine] to Europe. We meet with it in all 
parts of the globe; and recent discoveries in Australia indicate a 
formation corresponding exactly to the osseous brescia of the Mediter- 
ranean, in which an ochreous-reddish cement binds together the frag- 
ments of rocks and bones, among which we find four species of 
Kangaroos. 


Fig. 195—Raloptera Sepak, 





THE GLACIAL PERIOD. 


‘Tux two cataclysms of which we have spoken surprised Europe at 
the moment of its expansion by powerful convulsions. The whole 
scope of animated nature, the evolution of its creations, were suddenly 
arrested in that part of our hemisphere over which these’ gigantic con- 
vulsions spread, followed by the sudden submersion of whole continents. 
Organic life had scarcely recovered from the violent shock, when a 
second, and perhaps severer, blow assailed it. The northern. and 
central parts of Europe, the vast countries which extend from Seandi- 
nayia to the Mediterranean and the Danube, were visited by a sudden 
and severe cold: the temperature of the glacial regions seized them. 
‘The plains of Europe, but now ornamented by the luxurious vegeta~ 
tion developed by the ardour of burning climate, the interminable 
meadows on which herds of great elephants, active horses, the robust 
hippopotamus, and great carnassiers roamed and grazed, was com- 
paratively on a sudden covered with a mantle of ice and snow. 

To what cause are we to attribute a phenomenon so unforeseen, and 
exercising itself with such intensity? In the present state of our 
knowledge no reliable explanation of the event can be given. Did the 
central planet, the sun, which was long supposed to distribute light and 
heat to the earth, lose during this period its calorific powers? This 
explanation would be insufficient, since at this period the solar heat is 
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and celestial mechanies, and his theory has been supported by very 
competent writers. It is this:—-We know that our planet is animated 
by two essential movements; one of rotation on its axis, which it 
accomplishes in twenty-four hours ; the other of translation, which it 
accomplishes in 365 days. But besidgs these great and perceptible 
movements, the earth has « third, and even # fourth, movement, with 
one of which we need nob occupy ourselves; it is that designated 
nutation by astronomers. It changes periodically, but within very 
restricted limits, the inclination of the terrestrial axis to the plane of 
the ecliptic by a slight oscillation, the duration of which is only 
eighteen hours, and its influence upon the relative length of day and 
night almost inappreciable. The other movement is that on which 
M. Adhemar's theory is founded. 

“We know that the curve described by the earth in its annual 
revolution round the sun is not a cirele, but an ellipse; that is, a circle 
slightly elongated, sometimes called a circle of two centres, one of 
which is occupied by the sun. ‘This cutve is called the ecliptic. We 
know also that in its movement of translation the earth preserves such 
4 position that its axis of rotation is intersected at its centre by the plane 
of the ecliptic. But in place of being perpendicular, or at right angles 
with this plane, it crosses it obliquely in such a manner as to form 
on one side an angle of one-fourth, and on the other an angle of three- 
fourths of a right angle. This inclination is only altered in an insig- 
nificant degree by the movement of nutation. I need scarcely add 
that the earth, in its annual revolution, occupies periodically four 
principal positions on the ecliptic, which mark the limits of the four 
seasons. When its centre is at the extremity most remote from the sun, 
or aphelia, it is the summer solstice for the northern hemisphere, When 
its centre is at the other extremity, or perihelia, the same hemisphere 
is at the winter solstice. The two intermediate points mark the 
equinoxes of spring and autumn, ‘The great circle of separation of 
light and shade passes, then, precisely through the poles, the day and 
night are equal, and the line of intersection of the plane of the 
equator and that of the ecliptic make part of the vector ray from 
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of autumn of our hemisphere, the earth traverses a much longer 
carve than it does on its return ; bearing in mind, also, the accelerated 
movement it experiences in its approach to the sun from the attrac~ 
tion, which increases in inverse proportion to the square of its 
distance, we arrive at the conclusion that our summer should be 
longer and our winter shorter than the summer and winter of our anti- 
podes ; and this is actually the case by about eight days. 

“T say actually, because, if we now look at the effects of the pre- 
cession of the equinoxes, we shall see that in a time equal to half of 
the grand year, whether it be 12,900 according to the astronomers, or 
10,500 years according to M. Adhemar, the conditions will be 
reversed ; the terrestrial axis, and consequently the poles, will have 
accomplished the half of their bi-conical revolution of the centre of the 
earth, Tt will then be the northern hemisphere which will have the 
summers shorter and the winters longer, and the southern hemisphere 
exactly the reverse. In the year 1248 before the Christian era, ac- 
cording to M. Adhemar, the north pole attained its maximum summer 
duration. Since then, that is to say for the last 3112 years, it has 
begun to decrease, and this will continue till the year 7388 of our 
era before it attains its maximum winter duration. 

“But the reader may ask, fatigued, perhaps, by these abstract 
considerations, What is there here in common with the delnges? 

* The grand year is here divided for each hemisphere into two great 
seasons, Which De Jouyencel calls the great summer and winter, which 
will each, according to M. Adhemar, be 10,500 years, 

“During the whole of this period one of the poles has constantly had 
shorter winters and longer summers than the other. Tt follows that the 
pole which submits to the long winter undergoes a gradual and eon- 
tinuous cooling, in consequence of which the quantities of ice and snow, 
which melt during the summer, are more than compensated by that 
which is again produced in the winter. ‘The ice and snow go on 
accumulating from year to yeat, and finish at the end of the period 
hy forming, at the coldest pole, a sort of crust or cap, voluminous, 
thick, and heavy enough to modify the spheroidal form of the 
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their grazing grounds, which were suddenly transformed into fields of 
ice and snow; and under this visitation these two species disappear, 
and seem to have been effaced from the creation, Other animals were 
overwhelmed, but their race did not perish entirely, The sun, which 
not long since lighted up the verdant plains, rising now on the frozen 
steppes, was ouly saluted by the whistling winds of the north, and 
the crashing of crevasses, which opened up on all sides under the 
radiating heat acting upon the immense glaciers which entombed so 
many animated beings. 

‘How can we accept the idea that the plains, but yesterday smiling 
and fertile, have been already covered, and continue to be during a 
very long period, with an immense shroud of ice and snow? ‘To 
satisfy the reader that this can be established on sufficient evidence, it 
is necessary to direct his attention to certain parts of Europe. Tt is 
necessary to visit, ut least in idea, a country where the phenomena of 
glaciers still exist, and to show that this phenomena, now confined 
to countries of great elevation, extended itself, during geological times, 
over spaces infinitely more vast. We shall choose for this purpose the 
glaciers of the Alps, We shall show that the glaciers of Switzerland 
and Savoy have not always been confined to their present limits; that 
they are, so to speak, only miniature resemblances of the gigantic 
glaciers of other times; and that at the period under review they 
extended over all the great plains which approach the foot of the Alps. 

‘To establish these proofs, we must enter upon some consideration of 
existing glaciers, upon their mode of formation, and the phenomena 
to which they belong. 

The snow which during the whole year falls upon the mountains 
does not melt, but maintains its solid state, where their elevations 
exceed the height of 9000 feet or thereabouts. Where these snows 
accumulate to great thickness, in the valleys or in the deep mazy 
fractures in the soil, they harden under the influence of pressura 
resulting from their incumbent weight, But it always happens that a 
certain quantity of water, the result of momentary fusion of the 
superficial beds, traverses its substance, and this forms « crystalline 
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which granitic rocks involved in the glacial movement have scratched, 
striped, and rounded the softer rocks which the glacier encountered in 
its descent. “The friction,” says Mr. Martins, “which the glacier 
exercises upon the bottom and upon the walls in its passage is too 
considerable not to leave its traces upon the rocks with which it has 
been in contact ; but its action varies according to the mineralogical 
nature of the rocks, and the configuration of the beds they occupy. If 
we penetrate between the soil and the bottom of the glacier, taking 
adyantage of the icy caverns which sometimes open at its edge or 
extremities, we creep over a bed of pebbles and fine sand impregnated 
with water. Tf we raise this bed, we soon recognize that the subjacent 
rock is levelled, polished, ground down by friction, and covered with 
rectilinear stripes, resembling sometimes a small furrow, more fre 
quently deep scratches, perfectly straight, as if they had been engraved 
by the aid of a burin, or even a very fine needle, The mechanism by 
which these stripes have been produced is that which industry employs 
in polishing stones and metal. By the aid of a fine powder, called 
emery, we rub the metallic surface until we give it a brilliant look, 
which proceeds from the reflection of the light from an infinity of 
minute stripes. The bed of pebbles and mud interposed between the 
glacier and the subjacent rock is here the emery. The rock is the 
metallic surface, and +the mass of the glacier which presses on and 
displaces the mud in its descent towards the plain represents the hand 
of the polisher. These stripes generally follow the direction of the 
glacier; but as it is sometimes subject to small lateral deviations, the 
stripes sometimes cross themselves, forming » very small angle. If 
we examine the rocks on the side of a glacier, we find the same stripes 
engraved on them where they have been in contact with the congealed 
mass. I have often broken the iee where it thus pressed the rock, 
and have found under it surfaces polished and covered with stripes. 
The pebbles and grains of sand which had engraved them were still 
ineased in the ice, fixed like the diamond of the glazier at the end of 
the instrument with which he marks his glass. 

“The neatness and depth of the stripes depend on many circum- 
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hy it, and impresses upon them sometimes a form peculiar and charac- 
teristic. In destroying all the asperities of these rocks, it levels the 
surface and rounds them up the stream, whilst down the stream they 
sometimes preserve their abrupt, unequal, and rugged surface. We must 
comprehend, in short, that the force of the glacier is borne principally 
by the side tumed towards the circle whence it descended, like the 
piles of a bridge which have been more damaged up the river than 
down by the icebergs which have been formed during the winter. 
Seon from a distance, a group of rocks thus rounded and polished 
remind us of the appearance of a flock of sheep; hence the name 
roches moutonée given them by the Swiss naturalists,” 

Another phenomenon which plays an important part in the actual 
glaciers, and those also which formerly covered Switzerland, is found 
in the fragments of rock, often enormous, which have been transported 
and deposited in their movement of progression. 

The ridges of the Alps are exposed to continual degradations. 
Formed of granitic rocks—rocks eminently alterable under the action 
of air and water, they are disintegrated and often fall in fragments 
more or less voluminous. “The masses of snow,” continues Martins, 
‘which hang upon the Alps during winter, the rain which infiltrates 
between their beds during summer, the sudden action of watery torrents, 
and more slowly, but yet more powerfully, the chemical affinities, 
degrading, disaggrogating, and decomposing the hardest rocks ; these 
débris fall from the summit, and from considerable heights, but within 
the cirele occupied by the glaciers, accompanied with frightful noises, 
and amidst great clouds of dust. In the same manner, in the heart of 
summer, I have seen avalanches of stone precipitated from the highest 
ridges of the Schreckhorn, forming upon the immaculate snow a long 
black train, consisting of enormous blocks and an immense number of 
smaller fragments. In the spring a rapid melting of the winter snow 
often engenders accidental torrents of extreme violence. If the fusion 
is slow, water insinuates itself into the smallest fissures of the rocks, 
congeals there and splits the most refractory. The blocks detached 
from the mountains are sometimes of gigantic dimensions: we, have 








‘paMeRg 30 OPM TXXX 











7 I 
gran, LINex AND 


‘ Mean reunesTionss |. 


THE GLACIAL PERIOD. 300 


fell on the surface of the glacier ; but it is otherwise with blocks and 
débris enclosed between the rock and the glacier, whether it be on the 
bottom or between the glacier and the lateral walls, Some of theso, 
under the powerful action of this gigantic rolling movement, will be re~ 
duced to an impalpable mud, others are shaped into facets, others ground 
into round balls, presenting a multitude of streaks crossing each other 
in all directions. These striped pebbles are of great importance in study- 
ing the extent of ancient glaciers: they testify on the spot to the ex- 
istence of an anterior glacier which had fashioned, ground, and striped 
the pebbles, which water does not; on the contrary, it polishes and 
tounds them ; it even effaces the natural stripes. 

Thus the voluminous blocks transported to great distances from 
their true geological beds, that is, the erratic blocks, to use the conse- 
crated term, with polished and striated surfaces and “sheep "-shaped 
summits, the moraines ; finally, the pebbles, ground, polished, round or 
in facets, are all physical traces of glaciers in motion, and their pre- 
sence alone is sufficient proof to the naturalist that a glacier has in 
other times existed in the locality where he finds them. The reader 
will now comprehend how it is possible to recognise in our days the 
existence of ancient glaciers in different parts of the world. Above 
all, where we find at once erratic blocks and moraines, and observe 
at the same time traces of rocks polished and striped in the same 
direction, we may pronounce with certainty as to the existence of a 
glacier in geological times. Let us take some instances. 

In the Alps, at Pravolta, going towards Mont Santo Primo, upon 
a calcareous rock, we find the granitic block represented in Fig. 194. 
This erratic block exists, with thousands of others, on the slopes of 
the mountain. It is about fifty feet long, nearly forty feet broad, and 
five-and-twenty in height, and all its points and angles uninjured. 
Some parallel stripes occur along the surrounding rocks. All this 
demonstrates, and with evidence, that a glacier has extended itself in 
former times into this part of the Alps, where none appear at the 
present time, and that it has here deposited this enormous burden in 
its progressive movement. t 
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the hill of Fouryitre, at Lyon. In geological times, the glacier A BC 
extended from the Alps to this mountain B, The granitic débris 
which was detached from the summit of the Alps fell on the surface 
of the glacier. The movement in progression transported these 
blocks as far as the summit B, Ata later period the temperature of 
the globe is raised, and then the ice begins to’ melt, and the blocks 
DE have been quietly deposited in the spots where they have been 
found, without shock or injury sustained in this singular mode of con- 
veyance. 

Every day traces more or less recognizable are found on the Alps of 
uncient glaciers far distant from the limits of existing ones, Great 
tases of débris, comprehending blocks with sharp pointed angles, are 
found in the Swiss plains and valleys. Perched blocks, as in Px. xxx1., 
are often seen upon points of the Alps situated far below’ the existing 
glaciers, or dispersed over the plain which separates the Alps from the 
Jura, or even reposing in a manner quite incredible, when seen in their 
great mass at considerable heights on the eastern flank of this chain of 
mountains. It is with the assistance of these indices that the geologist 
has been able to trace to distances extremely remote, indications of the 
ancient glaciers of the Alps, follow them in their course, and fix their 
point of origin and where they stopped. Thus the humble Mount Zion, 
a softly swelling hill situated to the north of Geneva, was the point at 
which three great antediluvian glaciers had their eonfnence: the 
glacier of the Rhone, which filled all the basin of the Leman Lake, 
or Lake of Geneva; that of the Isere, which issued from the Annecy 
and Bourget Lake; and that of the Arve, which had its birth in the 
yalley of Chamounix, all converged at this point; according to M. G. 
de Mortillet, who has carefully,studied the extent and situation 
of these ancient glaciers, this had upon: its northern flank the 
glacier of the Rlvine, which occupied all the basin from Lake Con- 
stance to the borders of Germany; that of the Linth, which was 
arrested at the extremity of the Lake of Zurich—this city is built 
‘upon its terminal moraine ; that of the Reus, which covered the lake 
of the four cantons with blocks torn from the ridges of Saint-Gothard ; 

2D 
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finding no passage through the narrow valley of Rovetedo, took 
another course, and filled the immense valley of the Lake di Garda. 
At Novi it bas left a magnificent moraine, of which Dante speaks in 
his ‘Inferno.’ That of the Brenta extended itself in a plateau of 
this commune. The Drave and the Tagliamento had also their 
glaciers, Finally, glaciers occupied all the valleys of the Austrian 
and Bavarian Alps.” 

Similar traces of the existence of ancient gliciers occur over all 
European countries. In the Pyrenees, in Corsiea, in the Vosges, 
extensive ranges of country were covered, in geological times, by 
these vast plains of ice. The glacier of the Moselle was the most 
considerable of the Vosges, receiving numerous afiluents ; its lowest 
frontal moraine, which is situated below Remiremont, could not be less 
than a mile and a quarter in length. 

But the phenomenon of glacier extension which we have examined 
im the Alps was not eonfined to Central Europe. The same traces of 
their ancient existence are observed in all the north of Europe, in 
Russia, in Iceland, in Prussia, in the British Islands, in part of Ger- 
many, in the north, and even in some parts of the south of Spain. In 
England, erratic blocks of granite have been found which proceed 
from the mountains of Norway. It is evident that these blocks were 

* borne by a glacier which extended from the neighbourhood of the pole 
to England, over which they cleared the Baltic and the North Sea. 
Tn Prussia similar traces are observable. 

Thus, during the quaternary epoch, glaciers which are now 
limited to the Polar regions, or to mountainous countries of consider- 
able altitude, extended very far beyond anything now known; and 
taken in conpexion with the deluge of the north, with which they are 
closely associated, and the vast amount of organic life of which they 
were the winding-sheet, they form, perhaps, the most striking and 
mysterious of all the geological phenomena, 

M, Edouard Collomb, to whom we owe much of our knowledge of 
ancient glaciers, furnishes the following note explanatory of a map of 
Ancient Glaciers which he has prepared :— 

2n2 
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“The space ocenpied by the ancient quaternary glaciers may be 
divided into two orographical regions :—1. The region of the north, 
from the 52° up to the North Pole. 2. The region of Central Enrope 
and part of the south, 

“The region of the north which has been covered by the ancient 
glaciers comprehends all the Scandinavian peninsula, Sweden, Norway, 
and a part of Western Russia, extending from the Nieman on the 
north, describing a curve which passed near the sources of the 
Dneiper and the Volga, thence directing itself towards the glacial sea. 
This region comprehends Iceland, Scotland, Treland, the isles depenil- 
ent on them, and, finally, part of England. 

“This region is bounded on all its sides by large band of from 
two to five degrees of breadth, on which is recognized the existence of 
erratic blocks of the north: it comprehended the middle region of 
European Russia—as Poland, a part of Prussia, of Denmark; losing 
itself in Holland on the Zuider Zee, it cut into the southern part of 
England, and we find a shred of it in France, upon the borders of the 
Contentin, 

“Tho ancient glaciers of Central Europe consisted, first, of the 
grand masses of the Alps, stretching to the west and to the norili, 
they extended themselves to the valley of the Rhone as far as Lyon, 
then passing the summit level of the Jura, they passed near Basle, © 
covering Take Constance, and stretching beyond Bavaria and into 
Austria, Upon the sonthern slopes of the Alps they turned ronni 
the summit of the Adriatic, passed near to Udinet, covered Peschiem, 
Solferino, Coma, Varese, Ivree, stretching near to Turin, terminating 
in the valley of tho Stura, near the Col de Tende. ‘ q 

“Tn the Pyrenoes the ancient glaciers have occupied all the prin- 
cipal valleys of this chain, whether of the French or Spanish sides, 
and especially the valleys of the centre, which comprehend that of 
Suchon, of Aure, of Bareges, of Cauteret, and of Osea. a 
Cantabrique, prolongments of the Pyrenees, tho existences of 
ancient glaciers has been recognized. 

“In the Vosges and the Black Forest they covered all that 
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south of these mountains, In the Vosges the principal traces are 
found in the valley of Saint-Amarin, of Giromaguy, of Munster, and 
of the Moselle. 

“Tn the Carpathians and the Caucasus the existence of ancient 
glaciers of great extent has been observed. 

“In the Sierra Nevada, in the south of Spain, mountains upwards 
of 11,000 feet, the valleys which descend from the Piescho de Veleta 
and Mulhacen baye been encumbered with ancient glaciers in the 
quaternary epoch.” 

‘There is no reason to doubt that at this epoch all the British islands, 
at least all north of London, were covered by glaciers in their higher 
parts, “Those,” says Professor Ramsay, “who know the Highlands 
of Scotland will remember that, though the weather has had a power- 
ful influence upon them, rendering them in places rugged, jagged and 
cliffy, yet notwithstanding their general outlines are often remark- 
ably rounded and flowing; and when the valleys ure examined in 
detail, you find in their bottoms and on the sides of the hills that the 
mammellated structure prevails. This rounded form is known by 
those who study glaciers by the name of roches moutonnées, given to 
them by the Swiss writers. These mammellated forms are exceedingly 
common in many British valleys, and not only so, but the very same 
kind of grooving and striation so characteristic of the rocks in the 
Swiss valleys also marks those of the Highlands of Scotland, of Com- 
Derland and Wales, Considering all these things, geologists, led by 
Agassiz some five or six-and-twenty years ago, have by degrees come 
to the conclusion that a very large part of our island was during the 
glacial period covered, or nearly covered, with a thick coating of ice in 
the same way that the north of Greenland is at present; and that 
from the long-continued grinding power of a great glacier, or set of 
glaciers nearly universal, the whole surface became moulded by ice.” 

Whoever traverses England, observing its features with attention, 
will remark in certain places traces of the ravages committed in this 
era. Some of the mountains present on one side a naked rock, and on 
the other a gentle slope, smiling and verdant, giving a character more 





or less abrupt, bold and striking to the landscape. 
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exist. Frequently, too, masses of stone that floated on the surince of 
the ice were left perched upon the rounded roches moutonnde in » 
manner somewhat puzzling to those who are not glacial geologists.” 

“Tn short, they were let down upon the surface of these rocks so 
quietly and softly that there they will lie until an earthquake shakes 
them, or until the wasting of the rock on which they rest precipitates 
them to a lower level.” 

Among other proofs of glacier action and submersion in Wales may 
be mentioned the case of Moel Trafaen, a hill 1,400 fect high lying 
tothe westward of Carnarvon Bay, and six or seven miles from Carnar- 
yon. Mr. Trimmer had observed stratified drift near the summit of 
this mountain, from which he obtained some marine shells ; but doubts 
were entertained as to their age until 1863, when a deep and exten- 
sive cutting was made in search of slate. In this cutting a stratified 
mass of loose sand and gravel was laid open near the summit, 35 fect 
thick, containing shells, some entire, but mostly in fragments. Sit 
Charles Lyell examined the cutting, and obtained twenty shells, and 
in the lower beds of the drift, “large heavy boulders of far-trans- 
ported rocks, glacially polished and seratched on more than one 
side:” underneath the whole, the edges of vertical slates, exhibiting 
“unequivocal marks of prolonged glaciation.” The shells belonged 
to species still living in British or more northern seas. “A most im- 
portant fact,” Sir Charles adds, “when we consider we have scarcely 
a well-authenticated case as yet on record, beyond the limits of Wales, 
of marine shells having been found in glacial drifts at half the 
height.” 

Tt was the opinion of Agassiz, after visiting Scotland, that the 
Grampians had been covered by a vast thickness of ice, whence erratic 
blocks had been dispersed in all directions as from a centre; other 
geologists after a time adopted the opinion; Mr. Robert Chambers 
going so far as to maintain, in 1848, that Scotland had been at 
one time moulded in ice. Mr. T. F. Jamieson followed in the same 
track, adducing many new facts to prove that the Grampians once 
sent down glaciers in all directions towards the sea. “The glacial 
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operations the great valley was probably filled up with ice, which 
would close Glen Glaoy and Glen Spean, and might also close the 
lowest of the lines in Glenroy, But how about the middle and 
upper lines ? 

A glacier crossing from Loch Treig, and protruding across Glen 
Spean, would cut off Glens Glaibu and Makoul, when the water in 
Glenroy could only escape over the Col into Strathspey, when the 
first level would be marked, 

Now let the Glen Treig glacier shrink a little, so as to let out 
water to the level of the second line by the outline at Makoul, and the 
theory is complete. When the first and greatest glacier gave way, 
Glenroy would be nearly in its actual state. 

The glacier on issuing from the gorge ab the end of Loch 'Treig 
would dilate immensely, the right flank spreading over a rough ex- 
panse of syenite, the neighbouring hills being mica-schists, with veins 
of porphyry. Now the syenite breaks into large cubieal blocks of 
immense size, These haye been swept before the advancing glacier 
along with other débris, and deposited into a semicircle of mounds ~ 
haying a sweep of several miles—circular bands which mark the edges 
of the glacier as it shrunk from time to time under an ameliorating 
climate, 

‘This moraine, which was all that was wanting to complete the 
theory laid down by Agassiz, is found on the pony-rond leading 
from the mouth of Loch Treig towards Badenoch. A mile or so 
brings the traveller to the summit level of the road, and beyond the 
hill a low moor stretches away to the bottom of the plain. Here, 
slanting across the slope of the hill towards Loch Treig, two lines of 
moraine stretch across the road. At first it consists of mica-schists 
and bits of porphyry, but blocks of syenite soon mingle, Outside 
these are older hillocks, rising in ome places sixty and seventy foet 
high, forming narrow steep-sided mounds, with blocks fourteen fect 
sticking out of the surface, mixed with débris of mica-schist and 
gneiss. The inner moraine consists almost wholly of large blocks 
of syenite, five, ten, fifteen, and five-and-twenty feet long. 
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The present aspect of Glenroy is that of an upper and lower glen 
opening up from the larger Glen Spean. The head waters of 
Lochaber gather in a wild mountain tract, near the source of the 
Spey. The upper glen is an oval valley, four miles long, by 


Fig. 196—Parallel roads of Glenroy j sketched by Professor Phillips. 








about one broad, bounded on each side by high mountains, which 
throw off two streams which divide the mica-schist from the gneiss 
systems ; the former predominating on the west side, and the latter 


THE GLACIAL PERIOD. au 


on the east. The united streams flow to the sonth-west for two 
miles, when the valley contracts to a rocky gorge which separates 
the upper from the lower glen. Passing from the upper to the 
lower glen, a line is observed to pass from near the junction of the 
two streams, on a level with a flat rock at the forge, and also with 
the uppermost of the three lines of terraces in the lower glen. 
This lino girdles the sides of the hills right and left, with a seemingly 
higher sweep, and is followed by two other perfectly parallel and 
continuous lines till Glenroy expands into Glen Spean, which crosses 
its mouth and enters the great glen a little south of Loch Lochy. 
At the point, however, where Glenroy enters Glen Spean, the two 
upper terraces cease, while the lower of the three appear on the 
north and south side of Glen Spean, as far as the pass of Glen 
Mnekal, and southward a little way up the Gubban river and round 
the head of Loch Treig. 

The phenomenon which so powerfully affected our hemisphere 
presents itself ina much gragfler manner in the New World. The 
glacier system appears to have taken in America the same gigantic 
proportions which other objects assume there. Nor is it necessary, 
in order to explain the permanent existence of this icy mantle in 
countries now flourishing, to assume any very extraordinary degree 
of cold. On this subject Mr. Ch, Martins thus expresses himself :— 
“The mean temperature of Geneva is 9° 5' Cent. Upon the sur- 
rounding mountains the limit of perpetual snow is found at 8,800 
feet above the level of the sea. The great glaciers of the valley of 
Chamounix descend 5,000 feet below this line, Thus situated, let us 
suppose that the mean temperature of Geneva were lowered only 4°, 
and the average became 5° 5'; the decrease of temperature with the 
height being 1° for every 600 feet, the limit of perpetual snow would 
be lowered by 2,437 feet, and would be 6,363 feet above the level of 
the sea, We can readily admit that the glaciers of Chamounix would 
descend below this new limit, with a quantity at least equal to that 
which exists between their actual limit and their lower extremity, 
Now in reality the foot of the glacier is 5,000 feet above the ocean ; 
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with a climate 4° colder, it would be 2,437 fret lower; that is to say, at 
the level of the Swiss plain, Thus, the lowering of the line of perpetual 
snow to this extent would suffice to bring the glacier of the Arve to 
the environs of Geneva. . . . Of the climate which has most fayourel 
the prodigious develdpment of glaciers we have a pretty correct idea; 
it is that of Upsal, of Stockholm, of Christiana, and of part of North 
America, in the State of New York. . . . To diminish by four de 
grees the mean temperature of a country in order to explain one 
of the grand revolutions is to venture on an hypothesis not bolder 
than geology has sometimes permitted to itself.” 

In proving that the glaciers covered part of Europe during a 
certain period, that they extended themselves from the North Pole 
to Ttaly and the Danube, we have sufficiently established the reality | 
of this glacier period, which we must consider as & curious episode, 
however certain, in the history of the earth. Such masses of ico 
could only have covered the earth when the temperature of the air 
was lowered at least some degrees giglow zero; but organic lif 
is incompatible with such a temperature; and to this cause must 


Europe, and chiefly to Siberia, where their remains haye 
found in such prodigious quantities, Cuviér says, speaking 
the bodies of the quadrupeds which the ice had seized, 


perish that the country they inhabited was rendered glacial. The 
event must have been sudden, instantaneous, and without any pre i 
paration.” 
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How can we explain the glacial period ?—to what causo attribute 
this sudden and excessive cold which ‘covered great part of Enrope, 
followed by a prompt return to its normal temperature? Woe have 
explained M. Adhemar’s hypothesis, to which it may be objected that 
the cold of the glacial period was so general throughout the Polar 
and temperate regions on both sides the equator, that mere local 
changes in the external confignration of our planet and disturbance of 
the centre of gravity scarcely affords an adequate cause for so great 
@ revolution in temperature, Sir Charles Lyell, speculating upon the 
suggestion of Ritter and the discovery of marine shells spread far and 
wide oyer the Sahara desert by Messrs. Escher, Van der Linth, Desor, 
and Martins,—which seem to prove that the African desert had been 
under water at a very recent period,—infers that the Sahara desert 
constituted formerly a wide marine area, stretching several hundred 
miles north and south, and east and west. “ From this area,” he adds, 
“the south wind must formerly have absorbed moisture, and must 
haye been still further cooled and saturated with aqueous vapour as 
it passed over the Mediterranean, When at length it reached the 
Alps, and, striking them, was driven into the higher and more rarefied 
regions of the atmosphere, it would part with its watery burthen in 
the form of snow; so that the aérial current which, under the name of 
the fohn, or siroceo, now plays a leading part with its hot and dry 
breath, sometimes, even in the depth of winter, in melting snow and 
checking the growth of glaciers, must, at the period alluded to, have 
heen the principal feeder of Alpine snow and ice.” Nevertheless, we 
repeat, no explanation presents itself which can be considered con- 
clasive; and in science its professors should never be afraid to say, 





OREATION OF MAN AND THE ASIATIC 
DELUGE. 


Tr was only after the glacial period, when the earth had resumed its 
normal temperature, that man was created. Whenee came he ? 


He came whence the first blade of grass which grew upon the burn- 
ing rocks of the Silurian seas came ; from whence came the different 
races of animals which have from time to time replaced each other 
upon the globe, gradually rising in the scale of perfection. He 
emanated from the will of the Author of the worlds which constitute 
the universe. 


The earth has passed through many phases since the instant when, 
according to the expression of the Sacred Writings, “the earth was 
without form and yoid ; and darkness was upon the face of the deep. 
And the spirit of God moved upon the face of the waters.” We have 
considered all these phases ; we have seen the globe floating in space in 
the state of gaseous nebulosity, condensing into liquidity, and beginning 
to solidify at the surfuce. We have pictured its internal agitations, 
their distractions, the partial dislocations to which the earth has been 
subjected, almost without interruption, while it could not yet resist 
the foree of the waves of the fiery sea imprisoned within its fragile crust. 
‘We have seen the envelope acquiring solidity, and the geological 
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lives, feels and thinks.” A sentiment which Voltaire has amplified : 
“the Eternal Maker,” says the philosopher of Ferney, “has given to 
man organization, sentiment and intelligence ; to the animals sentiment, 
and what we call instinct; to vegetables organization alone, His 
power then acts continually upon these three kingdoms.” Tt is probably 
the animal which is here depreciated. The animal on many oceasions 
undoubtedly thinks, reasons, deliberates with itself, and acts in virtue 
of a decision maturely weighed : it is not then reduced to a simple sen- 
sation, 

To define exactly the human being, we believe that it is necessary 
to characterize the nature and extent of his intelligence, In certain 
cases the intelligence of the animal approaches nearly to that of man, 
but his intelligence is armed with certain faculties which belong to him 
exclusively ; in creating him God has added an entirely new step in 
the ascending seale of animated beings. This faculty, special to the 
human race, is abstraction. We shall say that man is an intelligent 
being and gifted with the faculty of comprehending the abstract, 

It is by this faculty that man is raised in an unheard-of degree to 
material and moral power. By it he has subdued the earth to his 
empire, and fitted his mind for the most sublime contemplations. 
‘Thanks to this fuculty, man has conceived the ideal, and realized 
poesy. He has conceived the infinite, and created mathematics. 
Such is the immense step which separates the human race from 
animals—which make him, a creation apart and absolutely new upon 
the globe. To comprehend the ideal and the infinite, to create poetry 
and algebra, such is man! To find and comprehend this formula— 

(a+) = a + 2d +0, 

or the algebraic idea of negative quantities, this belongs to man. It 
is the great privilege of the human being to express and comprehend 
thoughts like the following :— 

“J"étais seul pits des flota, par uno nuit d'étoiles : 

Pas un nuage aux eleus, sur les mers pas de voiles; 

‘Mes yeux plongeaient plus loin que le monde réet, 

Et les vents et les mers, ot toute Ia mature 


Somblaient interroger dans un confus rurmure, 
Les flots des mers, les fous du ciel, 
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before the window, where he would remain the whole night, standing 
upright, immovable, the neck stretched out, the eyes fixed upon the 
landseape lit up by the moon, as if oceupied in a sort of eestasy of 
contemplation.” This being was, undoubtedly, a man. No ape ever 
exhibited such signs of intelligence—such dreamy manifestations— 
‘vague conceptions of the ideal ;—in other words, that faculty for the 
abstract which belongs to humanity alone. ‘In order to usher in 
worthily the new inhabitant who comes to fill the earth with his 
presence—who brings with him intelligence to comprehend, to admire, 
to subdue, and rule the creation (Pr, xxxu.), we require nothing less 
than the ancient and yenerated language of Moses, whom Bossuet calls 
“the most ancient of historians, the most sublime of philosophers, the 
wisest of legislators.” The words of the inspired legislator are as 
follows :—* And God said, Let us make man in our image, after our 
likeness: and Jet him have dominion over the fish of the sea, and over 
the fowl of the air, and over the cattle, gnd over all the earth, and 
over every creeping thing that creepeth upon the earth. S80 God 
created man in his own image, in the image of God created he him; 
male and female created he them.” 

“ And God saw everything that he had made, that # was very 


gon.” 


Volumes have been written upon the question of the unity of the 
human race; that is, whether there were many centres of the crea- 
tion of man, or if the parent of our race was the Adam of Scripture, 
We think, with many naturalists, that the stock of humanity is unique, 
and that the several races of negroes, black and yelloyy, are only the 
result of climate upon organism. We consider that the human race 
appeared for the first time with a divine mystery which is eternally 
impenetrable to us as to the mode of creation. In the rich plains of 
Asia, on the smiling banks of the Euphrates, as the traditions of the 
most ancient races teach us—in the midst of this rich and vigorous 
soil, under the brilliant climate and the rmdiant sky of Asia, in the 
shade of its luxuriant masses of yerdure and its mild and perfumed 
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skies, but whieh are, nevertheless, only the first examples of 
man’s art in a pure state of nature. He will soon draw fire from 
these same flints, by striking them against each other ; he will seize 
the flames of the burning volcano, or profit by the fire of the burning 
laya to light his fire of brush-wood in the forest ; for by the help of 
this powerful element he cleanses, purifies, and renders himself and his 
dwelling healthy. With his hatchet of stone he chops wood, euts 
trees, shapes timber, and puts it together, fashions his arms, and 
makes instruments of first necessity ; and after having furnished him- 
self with clubs and other weighty and defensive arma, did not theso 
first men find means to reach the light-footed and distant stag? A 
tendon of an animal, a thread of the aloes-wood, or the tough bark of 
some ligneous plant, would serve as a cord to bring together the two 
extremities of an elastic branch of yew, forming a bow; other and 
smaller flints, shaped to a point, arm the arrow. They will soon have 
snares, rafts and canoes ; they will form themselves into little nations 
composed of families of relations, as is still the custom with savage 
nations, who have their game, fish, and fruits, in common, But in all 
those countries where space is limited by water, or surrounded by high 
mountains, these small nations, becoming too numerous, have been in 
time forced to parcel out the land between them; and from that 
moment the earth has become the domain of man: he has taken 
possession of it by his labour, he has cultivated it, and attachment to 
the soil follows the very first act of possession: the private interest 
makes part of the national interest: order, civilization, and laws 
succeed, and policy acquires form and consistency,” We love to 
quote the pages of a great writer—but how much more eloquent 
would the words of the great naturalist have been if he had added 
to his own greut quulities the knowledge which science has placed 
within the reach of writers in our day—if he could have painted man 
in the early days of his creation, accompanied by the immense animal 
population which then occupied the earth, and fighting with the 
ferocious beasts which filled the forests of the ancient world! Man, 
weak comparatively in organization, destitute of natural weapons of 
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attack or defence, incapable of rising into the air like the birds, or 
living under water like the fish and some reptiles, he seemed devoted 
to speedy destruction. But he was marked on the forehead by the 
diyine seal. Thanks to his superior and exceptional intelligenee, this 
being, in appearance so helpless, has by degrees swept the most 
fetocious of its ocenpants from the carth, leaving those only who eater 
to his wants or desires, by whose aid he changes the primitive aspect 
of whole continents. 


‘The antiquity of man is a question which im rl need hn 
attention of geologists, and many ingenious —— 


question are usually ranged under three series of facts:—1. 

cavern deposits; 2, Peat and shell mounds ; 3, Lacustrine habitations. 
‘We have already briely touched upon the cavern deposits. 

Kirkdalo Cave no remains or other traces of man’s presence seem to 


have been discovered. But in Kent's Hole, an unequal 
loam and clay, along with broken bones much gnawed, an 
both extinct and living mammifera with implements e 


deponile are thoes wah whichis xo eae fr. 
gentleman who examined and described them, a 
the flint instruments were covered by a deposit of 
but he considered them to be of more recent date | 
found beneath them, and his opinion was that they 1 
by men who entered the eave and disturbed the a 
of sand and clay, Dr. Buckland refused his belief 
that the flint implements were found under the 





CREATION OF MAN, 423 


always contended that they were the work of men who had broken up 
the sparry floor. 

In 1858, Dr. Falconer heard of the newly-discovered caye at Brix- 
ham, on the opposite side of the bay to Torquay, and he took steps to 
prevent any doubts being entertained respecting its contents. This 
aye was composed of several branches, with four openings, formerly 

. blocked up with breccia and earthy matter: the main opening being 
seventy-eight feet above the valley, and ninety-five feet above the sea, 
the cave itself being eight feet wide. The floor of the cave was a 
layer of stalagmite, from one to fifteen inches thick, sometimes con- 
taining bones, the horns of reindeer, a humerus of the cavern bear ; 
Joam, reddish bone earth, with angular stones and some pebbles, from 
two to thirteen feet thick, containing the remains of elephants, rhino- 
ceros, bears, hysenas, of felis, reindeer, horses, oxen, and several 
rodents; beneath this, a layer of gravel, and rounded pebbles without 
fossils, 

In these beds no human bones were found, but in almost every 
part of the bone bed were flint knives, one of the most perfect being 
found thirteen feet down in the bone bed. The most remarkable fact 
in connection with this cave was the discovery of an entire left hind leg 
of the cave bear lying in close proximity to this kuife ; “not washed in 
a fossil state out of an older alluvium, and swept afterwards into this 
eave, so.as to be mingled with the’flint implements, but having been in- 
troduced when clothed in its flesh.” In short, the implement and the 
bear's leg were evidently deposited about the same time, and it only 
required some approximative estimate of the date of this deposit to 
settle the question of the antiquity of man, at least in an affirmative 
sense. 

Encouraged by the Brixham discoveries, a congress of French and 
English geologists met at Amiens in order to consider ceriain evidence 
on which it was sought to establish the fact that man and the mam- 
moth were contemporaries. 

‘The valley of the Somme, between Abbeville and Amiens, is occupied 
by beds of peat, some twenty or thirty feet deep, resting on a thin bed 
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of clay which covers other beds of sand und gravel, which again rest on 
a white chalk with flints. Bordering the valley, some hills rise with 
gentle slope to the height of two or three hundred fect, and here snd 
there on their summit are patches of tertiary sand and clay with fossils, 
and again more extensive layers of loam. ‘The inference sought from this 
geological structure is that the river, originally flowing through the 
tertiary formation at the summit, has gradually eut its way through 
the various strata to its present bed. From the depth of the peat, its 
lower part lies below the sea level, and it is eupposed that depression 
of the region has occurred at some period : again, ia land lying quite low 
on the Abbeville side of the valley, but above the tide level, marine shells 
occur, which indicates some cleyation of the region, Again, about a 
hundred feet above the valley on the right bank of the river, and on @ 
sloping surface, is the Moulin-Quignon, where shallow pits exhibit a 
floor of chalk covered by gravel and sand, accompanied by gravel and 
marly chalk and flints, more or less worn, well-rounded tertiary flints 
und pebbles and tertiary sandstone fragments. Such is the general 
description of a locality which has acquired considerable celebrity in 
connection with this question, 

The quaternary rocks of Moulin-Quignon and the peat beds of the 
Somme formerly furnished Cuvier with some of the fossils he described, 
and in later times chipped flint implements from the quarries and bogs 
came into the hands of M. Boucher de Perthes: the 
received at first, not without suspicion, especially on the partof 
geologists who were familiar with similar attempts on their own ereda 
lity, that some, at least, of these were manufactured by the workmen. At 
length, the discovery of ahuman jaw and tooth in the gravel beds of St. 
Acheul, at Amiens, produced a rigorous investigation into the facts, and 
it seems to have been established to the satisfaction of Mr, 
that flint implements and the bones of the extinet mammalians existin 
the same beds, and in situations indicating very great antiquity. Tn the 
sloping and irregular deposits overlooking the Somme, the bones Slit 
elephants, of the rhinoceros, with land and fresh-water shells 
speciesare found mingling with flint implements, Shells: 
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found in neighbouring streams and hedgerows, with the bones of 
existing quadrupeds, have been obtained from the peat with flint tools 
of more than usual finish, and with them a few fragments of human 
bones. Of these reliquie, the Celtic memorials lie below the Gallo- 
Roman ; above them, oaks, alders, and walnut trees occur, sometimes 
rooted, but no succession of a new growth of trees appear. 

The problem of the St. Acheul beds stands thus: they would be 
deposited under fluvial action, and are probably the oldest in which 
human remains oceur, older than the peat beds of the Somme, but 
what is their real age? Before laying before the reader the very im- 
perfect answer this question admits of, a glance at the previous disco- 
yeries, which gave confirmation to the facts just narrated, may be 
useful. 


Implements of stone and flint have been continually turning up 
during the last century and a half in all parts of the world. In the 
neighbourhood of Gray's-inn-lane, in 1715, a flint spear-head was 
picked up, and near it some elephants’ bones. In the alluvium of the 
Wey, near Guildford, a wedge-shaped flint tool was found in the gravel 
and sand, in which elephants’ tusks were also found. Under the cliffs 
at Whitstable, am oval-shaped flint tool was found in what had pro- 
bably been a fresh-water deposit, and in which bones of the bear and 
elephant were discovered. Between Herne Bay and Reculver five 
other flint tools were found, and again three near the top of the eliff, 
all from fresh-water gravel. In the valley of the Ouse, at Beddenbam, 
Bedfordshire, flint implements, like those of St. Acheul, mixed with the 
bones of elephants, rhinoceros, and hippopotamus, were found, and near 
them an oval and a spear-shaped implement. In the peat of Ireland 
great numbers of such implements have been found. But nowhere 
have they been so systematically sought for and classified as in the 

The peat deposit in these countries, and in Denmark especially, is 
formed in hollows and depressions, in the northern drift and boulder 
formation, from ten to thirty feet deep. The lower stratum of two or 
three feet consists of sphagum, over which lies another growth of peat 
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scooped out of a single tree, bringing back deep-sea fishes. Skulls 
obtained from the peatand from tumuli believed to be contemporaneous 
with the mounds are small and round, with prominent supra-orbital 
ridges, somewhat resembling the skulls of Laplanders, 

‘The third series of facts, or Jacustrine habitations, consisted of the 
buildings on piles in lakes once common in Asia and Europe. They 
are first mentioned by Herodotus as being used among the Thracians 
of Peona, in the mountain lake Prasius, where the natives lived in 
dwellings built on piles, connected with the shore by a narrow causeway, 
by which means they escaped the assaults of Xerxes. Buildings of the 
same description oceupied the Swiss lakes, in the mud of which hun- 
dreds of implements like those found in Denmark have been dredged 
‘up. In Zurich, Moosedorf, near Berne, and Lake Constance, axes, 
celts, pottery, canoes made out of single trees, have been found ;' but 
of the human frame scarcely a trace. One skull dredged at Meilen, 
in Zurich Lake, was intermediate between the Lapp-like skull of the 
Danish tumuli and the more recent Enropean type. 

‘The age of the different formations in which these records of the 
human race are found will probably ever remain a mystery. The 
evidence which would make the implements formed by man contempo- 

rancous with the mammoth and other great mammalians would go a 
Beierevo crore ne sons rar also fe £iac Let us see hew that 
argument stands. . 

At the period when the upper Norwich crag was deposited, the 
general level of the British Isles is supposed to have been about six 
hundred feet above its present level, and so connected with the Euro- 
rean continent as to have received the elements of its fauna and flora 
from thence, 

By some great change, a period of depression occurs in whichgall 
the country north of the mouth of the Thames and the Bristol 
Channel are placed much below their present level, Moel ‘Trafaen, 
now fourteen hunflred feet high, being, in fact, submerged, during which 
period it received the erratic blocks and other marks indicative of 
floating icebergs which have been described in a former chapter, ‘The 
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countries proceeded from a volcanic eruption accompanied by enor- 
mous masses of vapour, which in due course were condensed and 
descended on the earth, inundating the extensive plains which stretch 
away from the foot of Ararat. The word “all the earth,” which might 
be implied in the above extract, is explained by Mariel de Serres and 
other philologists as being an inaccurate translation. He shows that 
the Hebrew word haarets does not always mean “all the earth,” but is 
often used in the sense of region or country, and that in this instanea 
Moses uses it to express the part of the globe already peopled. In 
the same manner, all the mountains only extends to all the mountains 
known to him. In,the same manner, M. Glaire, in the Ohristomathie 
which follows his Hebrew Grammar, quotes the passage in this sense = 
« The waters increased prodigiously, and the highest hills of the vast 
horizon were covered ;” thus limiting the mountains covered by the 
inundation, to those bounded by the horizon. 

Nothing occurs, therefore, in the description given by Moses to 
hinder us from seeing in the Asiatic deluge a means adopted by God 
to punish the human race still in its infancy. It seems to establish 
the countries lying at the foot of the Caucasus as the cradle of the 
human race, and it seems to establish also the upheaval of a chain of 
mountains, preceded by an eruption of voleanie mud, which drowned vast 
territories in these regions, consisting of plains of great extent. Of this 
deluge many races besides the Jews have preserved the tradition. 
Moses dates it from 1500 to 1800 years before the epoch in which 
he wrote. Bérose, the Chaldean historian, who wrote at Babylon in 
the time of Alexander, speaks of a universal deluge which he places 
immediately before the reign of Belus, the father of Ninus. 

The Vedas, or sacred books of the Hindus, supposed to have been 
composed about the same time as Genesis, that is, about the year 
of the world 3300, make out that the deluge occurred 1500 years before 
their epoch. The Ghebres speak of the same eyent as having occurred 
about the same date, 

Confucius, the Chinese philosopher and law-giver, born towards the 
year 551 before Christ, begins his history of China by speaking of the 
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period, there were produced in the same period many new forma- 
tions resulting from the deposit of a/uvium thrown down by seas and 
rivers. ‘These deposits were numerous and widely disseminated, 
Wheir stratification is as regular as any which have preceded them ; 
they are distinguished from those of the tertiary epoch, with which 
they are most likely to be confounded, by their situation, which is 
very frequently upon the littoral of the sea, and by the predominance 
of shells of a species identical with those now living in our seas, 

A marine formation of this kind, constituting the coast of Sicily, 
extends from Palermo to Catania, Gergenti and Syracuse, stretching 
away to the centre of the island, where it rises to the height of 3,000 
feet, being the most remarkable of the quaternary productions. Tt 
is formed of two great beds; the lower is a bluish argillaceous marl,- 
the other a coarse, but very compact limestone, both containing shells 
analogous to those which now occupy the Mediterranean coast, The 
same formation is found in the neighbouring isles, especially Sardinia 
and Malta; and the great sandy deserts of Africa, as well as the 

i sands of the steppes of Eastern Russia, and the fertile 
black earth of its southern plains, have the same geological origin ; 
so have the travertines of Tuscany, of Naples, and of Rome, and the 
tufas which are the essential constituents of the Neapolitan soil. We 
are now approaching so near to our own age, that we can almost 
trace the hand of Nature in her works. Professor Ramsay shows in 
the geological survey that beds nearly a mile in thickness have been 
removed by denudation from the summit of the Mendip Hills, and 
broad areas in South Wales and the neighbouring counties have been 
denuded of their summits, and the materials transported elsewhere to 
form the newer strata. Now no combination of causes have been 
imagined which have not involved submersion during long periods, and 
their subsequent elevation in periods of equal duration, 

We can hardly walk any great distance along the coast, either of 
England or Scotland, without remarking some flat terrace of an un- 
equal breadth, and backed by an escarpment more or less steep: upon 
such a terrace many of the towns along the const are built, No 

ar 





THE ASIATIC DELUGE. 435 


head of the bay in the third century, is now deeply embedded in the 
sandy littoral, portions of its pillars of marble being visible at a con- 
siderable depth in the clear waters. With respect to the littoral 
deposits of the quaternary period, they are of very limited extent, 
except in a few localities: they are found on the western coast of 
Norway; on the English coast; in France, an extensive bed of 
quaternary formation covers the ancient littoral of Guienne, and on 
other parts of the coast, where it is sometimes concealed by trees 
and shrubs, or by blown sand, as at Dax, near Bourdeaux, where a 
steep bank may be traced about twelve miles inland, and parallel with 
the present coast, which falls suddenly about fifty fect from a higher 
platform of the land to a lower one extending to the sea. Tn making 
some excavations for the foundations of a building at Abesse, in 1830, 
it was discovered that this fall was drifted sand, filling up a steep 
perpendicular cliff about fifty feet high, consisting of a bed of tertiary 
clay extending to the sca, a bed of limestone with’ tertiary shells and 
corals, and, at the summit, the tertiary sand of the lands, The 
alluvium of the rivers, added to the marine deposits, have formed the 
littoral of the period, which occurs more especially near the mouths of 
rivers and water-courses. 


Fig. 190 —Inchaalites KonigilLauflow rocks, 
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is only a fraction compared to the interior liquid mass. The prineipal 
cause, then, of the great dislocations of the soil is, so to speak, at our 
gates; it threatens us unceasingly. Of this the earthquakes and 
Yoleanie eruptions, which are still frequent in our day, give us disastrous 
and incontestable proofs, On the other hand, our seas aré continually 
forming new land; the basin of the Baltic Sea, for instance, is gra- 
dually rising in consequence of the deposits which will obviously fill 
up its bed entirely in an interval of time which it would not be 
impossible to calculate. 

Tt is, then, probable that the actual condition of the soil and the 
respective limits of seas and continents have nothing fixed or definite 
in them—that they are, on the contrary, at) setae Sree 
in the fature, 

There is another problem much more difficult than the preceding, 
but for which neither induction nor analogy furnish us with any 
certain indications—it is the perpetuity of our species. Is man doomed 
to disappear from the earth one day, as all the races of animals which 
preceded him, and prepared the way for his coming, have done? Will 
a new glacial period, analogous to that which, during the quaternary 
period, was felt so rigorously, come to put an end to his existence ? 
Like the trilobites of the Silurian period, the great reptiles of the lias, 
the mastodons of the tertiary, and the megatheriums of the quaternary 
epoch, is the human species to be one day annihilated—to disappear 
from the globe by a simple natural extinction? Or must we believe 
that man, gifted with the attribute of reason, marked, so to speak, by 
the divine seal, is to be the last, the supreme end of creation ? 

Science cannot pronounce upon these grave questions, which exceed 
the competence, and go beyond the cirele of human reasoning, It is 
not impossible that man should be only a step in the ascending and 
progressive scale of animated beings. The Divine Power, which has 
thrown upon the earth, life, sentiment, and thought ; which has given 
to plants, organization; to animals, motion, sentiment, intelligence ; 
to man, in addition to these multiplied gifts, the fneulty of reason, 
doubled in value by the ideal—reserves to Himself, perhaps, in His 
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